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Transmission Gears 
or Agathon Allo ‘Sheet 
an Dorn& ton 
ieoneh cotaeniine 


AGATHON ALLOY STEELS 


HERE is, perhaps, no part of a motor where we have ves Soil peey Broduction 


in all kind co rcial 
the proper analysis of alloy steel is more __ailloy steels such as— 
essential than in the transmission gears. Thegear ficke>Shrome Nic < i 


case is the death chamber of inferior steels. Cheome « Molybden: 
ickel-Molybdenum, Va 


The list of motor cars and trucks using trans- sain Gore Vos 
mission gears, made from some one of the Deliveries in Blooms, Bil- 
Agathon Alloy Steels, isa long one andincludes ints nor Rana 22 
most of the best known cars made in America. ee 

If your problem is the selection of a proper 
analysis of steel for your transmission gears or 
any other highly stressed or wearing part of your 
car, let our metallurgists help you solve that 
problem in our extensive laboratories without 
cost to you. Our booklet, “‘Agathon Alloy Stee 
is interesting and free for the asking. 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 


: idener Bid 
eae ee ee Petco 
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ON TO PITTSBURGH 


HE Annual convention of the American Society for Steel 

Treating, to be held in Pittsburgh the week of October 8, 
gives promise of being the best attended of any of the four pre- 
vious annual meetings. The large percentage of members at- 
tending is remarkable, and has occasioned much favorable com- 
ment. It is doubtful if any other technical society holding an- 
nual meetings, has as large a percentage of its members present. 
There must be, and is, a reason for this. It is because those who 
have once attended find the accruing benefits so voluminous and 
worth while that it would be the height of indifference to remain 
away. Not only have the attendants found there meat and satis- 
faction in the programs presented, but the International Steel 
exposition has always made a very lasting impression. Its educa 
tional value, and the wonderful possibilities of observing at first 
hand the latest and best products, materials and equipment for 
their use, serves as a magnet to draw them back to another con- 
vention. Nothing worth while is absent from the exposition, 
because all progressive, wide awake, firms are exhibiting. They 
represent the leaders in their lines just as those in attendance 
represent the leadership in the intellectual metallurgical thought 
of the country. 


The annual meeting of the best minds’ at the A. S. S. T. 
convention is becoming more and more recognized as an essential 
part of the year’s work. With the program and the exposition 
increasing both in quality and scopé, the general benefits will of 
course be greatly enlarged, and the attendance should exceed the 
20,000 that visited Detroit last year. Those who have attended 
previous conventions will be at Pittsburgh; those who have not, 


ve it to themselves. to step out with the leaders. 
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TILLMAN DAVIS LYNCH 


National President of the American Society for’Steel Treating 





EDITORIALS 
ALL HONOR 


NE quite frequently hears the statement made that those in 


dividuals who prepare papers for publication do so with an 


ulterior motive, in an endeavor to secure for themselves a large 


quantity of free advertising. Never was there a more unjust 


statement made with reference to those conscientious individuals 
who, because of ability and facilities are able to carry on research 
work in the line of their chosen occupations. Out of approximately 
three thousand members of the A. S. S. T. only eight per cent 
are represented as contributors of papers for the annual meetings 
or before local chapters. While there is no doubt that fifty per cent 
{ the membership is capable of preparing interesting articles upon 
various phases of the work in which they are engaged, forty-two 
per cent have failed to embrace the opportunity. Those contr.bu 
tors to the various technical sessions of our society are conscious 
of the fact that money is not able to repay them for the amount 
of time, energy and effort necessary in the preparation of the 
work. If it.is true, as many have been known to state, that it is 
.0 profitable from financial and advertising viewpo:nts to contribute 
papers to technical organizations, then it is surprising that a larger 


percentage does not avail itself of this golden opportunity. 


There is no doubt that the preparation and pre entation of a 
paper stamps the author as a progressive, live, wide awake and 
dependable thinker; an individual who is capable of preparing a 
piece of research work, carrying it to a successful conclusion and 
correlating his faets in a presentable and understandable manner 
ind consequently his prestige and influence in the profession is 
correspondingly increased. 


We should all bear in mind that we owe a great debt of grat- 
itude to those individuals who are willing to give to the world 
the results of their own investigations. ‘This willingness at once 
stamps them as above the ordinary type of individual who thinks 
ind labors only for himself. And so we say “All Honor” to those 
vho have prepared and are presenting papers for the various tech 
nical sessions of the A. S. S. T. 
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RESEARCH AND ITS APPLICATION 
By T. D. Lynch 


HE term “research” creates a vision of something new, th: 


study and unfolding of problems hitherto unknown, or at 


least not well known. This conception of research is quite cor 


rect so far as it goes, but to the practical manager, the additio 
of the further important factor, the application of research to com 
mercial problems, is made. We may, therefore, divide research int 
two main headings, namely, scientific and practical. 

Scientific Research usually involves problems without know: 
theories and laws, or but little known, and requires a careful study 
of fundamentals through extensive experimentation. 


Practical Research comprises the application of the new laws 
and theories developed by the pure scientist, the correlation of all 
known data discovered and the employment of it in a specific 
manner, and thus render it useful for the service of man. 


Scientific research without its practical application will carry 
us about as far as a locomotive without steam. It is, therefore, 
the object of this article to bring to the members of the American 
Society for Steel Treating, a picture of the possibilities and benefits 
that may be derived by the members who attend local chapter meet 
ings, the annual convention and exhibition, who read TRANSACTIONS 
and then take the initiative in the problems that come to their in 
dividual plants, within the scope of the activities of each individual, 
by making sure that the proper materials are ordered and received, 
and then correctly processed and judiciously applied. It has been 
said that what we call “initiative” in a business man is called “skill” 
in a great surgeon. This is equally true of the making or the 
heat treating of steel. It is knowjng the next move and moving 
at the right time. 


We need sound theory, constructive practice, efficient organiza 
tion, good tools and equipment, and proper materials, all of which 
must be planned logically and executed efficiently—the proper se- 
quence for the efficient operations. When so equipped, the heat 
treater is in a position to produce consistent results. He has 
learned, by bitter experience, the need for uniform steel and by 
insistance he should be able to secure it by the adoption of prope 
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necifications, and rigid inspection. Research and the practical 
ipplications of chemistry and metallurgy have shown a definite 
procedure in the manufacture of steel necessary to obtain the type 


ind grade needed—and to obtain it by a commercial process. 


Metallography has also played a very important part in de- 
termining the best treatment for steels utilized to serve a given 
purpose. The grain size and structure, together with the chemical 
composition and physical properties, have been very important 
factors in this development. The scientist has been correlating 
and using such data for some years, until at this time the structure 
of steel that can be obtained by heat treatment, has become so 
well established that the practical heat treater at the furnace has 
begun to realize the true value and importance of grain structure 
and to realize that it is quite practical for him to maintain such 
temperatures and surrounding conditions as will produce the de- 
sired structure and corresponding physical properties. 


The conditions of melting, refining, tapping and pouring of 
steel, especially the finer grades, are being studied and the proper 
methods and materials necessary to obtain the best quality are 
being worked out; also the proper working temperature and amount 
of reduction at the rolls or forge required to produce the best 
quality of each type are being determined. 

Many of the more important steel manufacturers are alert 
to this growing need and there is apparently a great opportunity 
for the individual members of the American Society for Steel 
Treating to assist in solving the problem of the best steel and 
treatment for different applications. 


The design engineers of the present day find it necessary 
to stress their materials far in excess of that formerly considered 
good practice and in view of this the material must be of the very 
highest order. It is quite necessary that they be assured that the 
material is as specified, in order to have it work safely at these ad- 
ditional stresses. : 


It is needless to say that from a commercial point of view, the 
manufacturer of steel, the manufacturer of machinery and _ the 
user of these products must find in them a commercially practical 
application and in our opinion this type of practical research is the 
type that the American Society for Steel Treating should devote 
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its attention to, through its National Research committee in co: 
junction with the research committees of the local chapters. Ther 


surely is a great field for this work and there is no other organiza 
tion so well qualified to carry on this work as the American Societ 
for Steel Treating. It is our sincere hope that especially those me: 
connected with our different research committees will keep this i: 
mind and prepare and discuss papers before our local chapters, ow 
annual convention, and publish them in TRANSACTIONS. 


HOTEL RESERVATIONS FOR THE CONVENTION 


FE JR the benefit of those who have not as yet made their hote! 
reservations during the period of the annual convention in 
Pittsburgh, October 8 to 12 inclusive, we are once more publishing 
the list of the principal hotels in Pittsburgh. 

In writing to the hotel please state the price and kind of room 
you wish, and request them to acknowledge your communication 
confirming the reservation and price. 

In case you have difficulty in securing the accommodations 
you wish, a communication addressed to the chairman of the 
hotels committee, “R. E. Polk, chief industrial engineer, Equi 
table Gas Co., Pittsburgh, Pa., will receive prompt attention. 


List of Pittsburgh Hotels 


William Penn 
(Headquarters) 


Rooms with bath, 2 persons, Rate ; ; each 
Rooms with bath, 1 person, Rate 


Fort Pitt 


Rooms with bath, 2 _ persons, $2.50-5.00 
Rooms without bath, 2 persons, 2.50 
Rooms with bath, 1 person, 3.50-9.00 
Rooms without bath, 1 person, 3.00 


Hotel Henry 


Rooms with bath, 4 _ persons, ; each 
Rooms with bath, 2. persons, . each 
Rooms with bath, 1 _ person, . up 
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WILLIAM PENN HOTEL 
Convention Headquarters, Where the Morning Technical Sessions Will Be Held 


a 


Anderson Hotel 


Rooms with bath, 4 persons, Rate 
Rooms without bath, 4 persons, Rate 
Rooms without bath, 2 persons, Rate 


Rooms without bath, 1 person, Rate 


General Forbes 


Rooms with bath, 4 persons, Rate 
Rooms with bath, 2 persons, Rate 
Rooms without bath, 2 persons, Rate 
Rooms with bath, 1 person, Rate 
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Seventh Avenue Hotel 


Rooms with bath, 4 persons, Rate $2.50-3.00 
Rooms with bath, persons, Rate  2.50-3.00 


> 
Rooms without bath, 2 persons, Rate  2.00-2.50 


Pittsburgh Natatorium 


(For gentiemen only) 
Rooms, with swimming pool, cots, 1 person, Rate $2.00 


Monongahela House 


Rooms with bath, 2 persons, Rate $3.00 
Rooms without bath, 2 persons, Rate 2.00 


Schenley Hotel 


Rooms with bath, 4 persons, Rate $3.00 
Rooms with bath, 2 persons, Rate 4.00 
Rooms without bath, 2 persons, Rate 3.00 
Rooms with bath, 1 person, Rate 7.00 
Rooms without bath, 1 person, Rate 4.00 


Rittenhouse Hotel 


Rooms with bath, 2 persons, Rate $2.00-3.00 
Rooms with bath, 1 person, Rate  3.00-4.00 


Y. M. C. A., East Liberty 


Rooms without bath, 1 person, Rate $2.00 


Negri Hotel 


Rooms with bath, 1 person, Rate $3.00 


New Sixth Avenue 


Rooms with bath, 2 persons, Rate $3.00-4.00 
Rooms without bath, persons, Rate  2.50-3.00 
Rooms with bath, person, Rate 3.00 

Rooms without bath, person, Rate  2.00-3.00 


Chatham Hotel 


Rooms with bath, 4 persons, Rate $2.00 
Rooms with bath, 2 persons, Rate  3.00-5.00 
Rooms without bath, 2. persons, Rate  2.50-3.00 
Rooms with bath, 1. person, Rate 3.00 
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PITTSBURGH CONVENTION COMMITTEES 


GENERAL CHAIRMAN 
J. Trautman, Jr. 


REPRESENTATIVES OF Boarp or Directors A. S. S. T. 
T. D. Lynch, W. H. Eisenman. 


MEETINGS AND PAPERS COMMITTEE 
Prof. Stephen L. Goodale, Chairman. 


Pp. J. Neely, Frank Garrett, J. M. Camp, W. A. Mathias, R. D. McMillen, 
J. W. Weitzenkorn, C. M. Johnson, and Phiroz Kautar. 


FINANCE COMMITTEE 


Roy C. McKenna, chairman. 
Floyd Rose, Harry A. Kraeling, Dr. B. D. Saklatwalla. 


ENTERTAINMENT COMMITTEE 
N. B. Hoffman, chairman. 
H. A. Bathgate, W. A. Carter, M. W. Caruthers, Roy H. Davis, Edward 


H. Fischer, Floyd B. Bowman, R. D. Fennel, D. R. Loughrey, L. A. 
Way, DuRay Smith, W. J. Prestley, W. I. MclInnerney. 


LADIES’ ENTERTAINMENT 


J. A. Succop, chainman. 
R. Arts, W. C. Emery, M. F. McOmber, T. S 


Tung, John Ludwig, 
Geo. Hopkins. 


LocaAL EXHIBITION COMMITTEE 


Walter Buechner, chairman. 


Hugh Rodman, J. B. Moore, D. C. Bakewell, Frank A. Bond, H. R 


XN. 
McMahon, R. H. Pauley, D. H. Horn, Harry S. Hunter, G. L. 


Kronfeld, Harry L. Barr, W. H. Phillips, R. C. Heaslett, F. C. 
Riddle. 


INFORMATION (COMMITTEE 


D. W. McDowell, chairman. 
J. J. Jones, Geo. L. Leffler, H. L. Walker, S. B. Phelps and B. F. Weston. 


TRANSPORTATION COMMITTEE 


Wallace B. Crowe, chairman. 


C. Il. Neidringhaus, A. M. Cox, B. L. Jarrett, and H. C. Loudenbeck. 


Hotrets COMMITTEE 
R. E. Polk, chairman. 


R. S. Bedworth, R. W. Dalrymple, C. K. Dunmeyer, Wm. J. Linderfelder, 


QO. S. Snyder, J. W. Taylor, Clarence E. Wise, F. M. Warring, and 
E. C. Cook. 


Pusiicity COMMITTEE 


A. M. Staehle, chairman. 


Ht. L. Walker, Secretary General Committee, 1521 Monterey Street, Pitts- 
burgh. 
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W. B. CROWE 


Transportation Committee 


D. W. McDOWELL . 
Information Committee . DR. N. B.*° HOFFMA? 


Entertainment Committ 


J. TRAUTMAN, JR. 


General Chairman 


R. E. POLK J. A. SUCCOP 


Hotels Committee Ladies Entertainment 
Committee 


W. A. BUECHNER 
Local Exhibition Committee 


SOME OF THE CHAIRMEN OF THE PITTSBURGH LOCAL 
CONVENTION COMMITTEE 
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OUTLINE OF EVENTS 
FIFTH ANNUAL CONVENTION A. §. S. T. 


\ll morning technical sessions will be held in the ball room of the Wil- 
am Penn Hotel. The afternoon sessions will be held in the meeting room 
Motor Square Garden. 


Monday, October 8th 
A. M.—Technical Session, Ball Room, Wm. Penn Hotel. 
. M—Exposition Opens. Registration Begins. 
M.—Technical Session, Motor Square Garden. 
M.—Moving Pictures. 
Exposition open from 1:00 P. M. to 10:00 P. M. 


Tuesday, October 9th 
. M.—Technical Session, Ball Room, Wm. Penn Hotel. 

M.—Plant Visitation, Westinghouse Electric & Mfg. Company. 
M.—-Exposition Opens. 
M.—Round Table Discussion, Motor Square Garden. 
M.—Moving Pictures. 
M.—Smoker and Entertainment, Ball Room, Wm. Penn Hotel. 

Exposition open from 1:00 P. M. to 10:00 P. M. 


Wednesday, October 10th 
M.—Annual Meeting of the Society, Ballroom William Penn 
Hotel. 
M.—Exposition Opens. 
M.—Plant Visitation, Homestead Works, Carnegie Steel Co. 
M.—Round Table Discussion and Technical Session, Motor 
Square Garden. 
M.—Moving Pictures. 
M.-—Annual Dance, Ball Room, Wm. Penn Hotel. 
Exposition open from 1:00 P. M. to 10:00 P. M. 


Thursday, October 11th 
M.—Technical Session, Ball Room, Wm. Penn Hotel. 
M.—Exposition Opens. 


. M.—Hardness Testing Symposium, Motor Square Garden, 
. M—Exposition Cioses. 

M.—Annual Banquet of the American Society for Steel Treating, 
English Room, Fort Pitt Hotel. Tickets at Registration 
Desk. 

Exposition open from 10:00 A. M. to 5:30 P. M. 


Friday, October 12th 
A. M.—Technical Session, Ball Room, Wm. Penn Hotel. 
A. M.—Exposition Opens. 
M.—Plant Visitation, National Tube Works, McKeesport, Pa 
. M.—Symposium on Metallurgical Education. 
. M—Moving Pictures and Band Concert. 
_ Exposition open from 10:00 A. M. to 10:00 P. M. 
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LADIES’ ENTERTAINMENT 


adies’ headquarters will be at the Wm. Penn Hotel. Visiting ladie 
hould report at headquarters as soon as possible after arrival in the city 
nd indicate in which activities they desire to participate 
Before all trips, visits or parties, the ladies will first meet 
quarters in the Wm. Penn Hotel. 


Monday, October 8th 
No special activity is planned for the ladies on Monday, the time being 


eft open in order that they may familarize themselves with the shopping 
district as well as visit the exposition. 


at their head 


Tuesday, October 9th 
2:00 P. M.—Auto Ride to Points of 


8:00 P. M.—Theatre Party. 


Wednesday, October 10th 
12:00 M.—Luncheon and Trip of 


Interest in and about Pittsburgh 


Inspection Through Heinz Pickle 
Factory. 


M.—Annual Dance of the American Society for 
in the Ball Room of the Wm. Penn Hotel 


Thursday, October 11th 
M.—Auto Ride. 


M.—Ladies are invited to 


Steel Treating 


participate in the Annual 


Banquet 
of the American Society 


for Steel Treating to be held in 
the English Room, Fort Pitt Hotel 


TENTATIVE PROGRAM, FIFTH ANNUAL CONVENTION, 
AMERICAN SOCIETY FOR STEEL TREATING, 
PITTSBURGH. OCTOBER 8-12, 1923 
Note: 

Garden. 


Registration begins at 1 p.m. at Registration Desk, Motor Squart 


MONDAY, OCTOBER 8 


Morning Session 


Meeting in Ball Room, William Penn Hotel 

10:00 A. M.—Chairnian W. J. Merten 
\ddress_ ot Ft: ivetsiaes ds avaneman, Ji 
Welcome to pik ‘ ia ..Mayor Wm. Mage 
Response ..Pres. T. D. Lynch 


The Manufacture of Automobile Leaf Springs—C. 


G. Shontz, 
Metallurgist, Perfection 


Spring Company, Cleveland. 

Metallography and Testing of Oxyacetylene Welds—J. R 
Dawson, Research Metallurgist, Union Carbide & Carbon 
Research Laboratories, Inc., Long Island City, N.Y. 

on lurnaces and Fuels, Including — th 

Electric Furnace for Heat Treating—FE. F. Collins, Con 

sulting Engineer, General Electric Company, Schenectady, 


am 
Lhe Tempering of Tool 


Some Observations 


Steels—J. P. Gill and 1 1) 
Rowman, Metallurgists, Vanadium Alloys Steel 


Company, 
l.atrobe, Pa. 
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Abnormal Grain Growth in Cold Rolled Low Carbon Ste, 
V. E. Hillman and F. L. Coonan, Metallurgist and Assist 
Metallurgist, Crompton & Knowles Loom Works, W 
cester, Mas. (To be presented by title.) 

Afterncon Session 
. M.—Exposition opens. 
. M.—Technical Session—Motor Square Garden. 

The Annealing of Sheet Stecl—Francis G. White, Metall 
gical Engineer, National Enameling & Stamping Compa 
Granite City, Ill. 

Sheet Steel for Automotive Purposes—Harry Martin, Met 
lurgical Department, Dodge Bros., Detroit. 

The Manufacture of Sheet Steel—J. H. Nead, Resear 
Metallurgist, American Rolling Mills Company, Middletow 
Ohio. 

Automobile Sheet Steel Specifications—H. M. Williams, Met 
lurgist, General Motors Research Corporation, Dayton, Oh 

Evening Session 
Exposition open until 10 p.m. 
7:00 P. M.—Moving Pictures. 
TUESDAY, OCTOBER 9 
Morning Session 
Meeting in Ball Room, Wiliam Penn Hotel. 
M.—Technical Session. 

Measurement of Carbon Penetration in Carburised Steels 
S. P. Rockwell, Consulting Metallurgist, Hartford, Conn 
and Frederick Downs, Chemist, New Britain Machin 
Company, New Britain, Conn. 

Case Hardening and Other Heat Treatments as Applied t 
Gray Cast Iron—H. B. Knowlton, Instructor, Centra 
Continuation School, Milwaukee, Wis. 

The Influence of Barium Carbonate upon Wood Charcoal 
used for Cementation—B. F. Shepherd, Metallurgical Ds 
partment, Ingersoll-Rand Company, Phillipsburg, N. J. 

Protective Coatings for Selective Carburization—J. S. Vanicl 
and H. K. Herschman, Metallurgist and Assistant Physicist, 
Bureau of Standards, Washington. 

Investigation of the Treatment of Steel *for Permanent Mag 
nets—R. L. Dowdell, Instructor in Metallography, University 
of Minnesota, Minneapolis, Minn. 

The Thermal Treatment of the Light Alloys of Aluminun 
and Copper—A. M. Portevin and Francois LeChatelie: 
Paris, France. (To be presented by title). 

Afterncon Session 
12:10 P. M.—Plant Visitation, Westinghouse Electric & Manufacturing Co 
1:00 P. M.—Exposition opens. 
3:30 P. M.—Round Table Discussion under Direction of Standards Com- 
mittee, Motor Square Garden. 
Chairman . M. Bird 
Evening Session 
Exposition open until 10 p.m. 
7:00 P. M.—Moving Pictures. 
9:30 P. M.—Annual Smoker and Entertainment, Ball Room, William Penn 
Hotel. 
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WEDNESDAY, OCTOBER 10 


Morning Session 


Annual Meeting of the Society, Ball Room, William P 

Hotel. 
9:30 P. M.—Chairman 

Report of Tellers of Election 

President's Address 

Report of Treasurer 

Report of Secretary 

Report of National Committees 
Standards 
Constitutions and By-Laws 

Report of Chapter* Delegates 


Afternoon Session 
1:00 P. M.—Exposition opens. 
2:00 P..M.—Plant Visitation, Homestead Works, Carnegie Steel Compan, 
3:30 P. M.—Round Table Discussion and Technical Session on Heavy, 
Forgings, Motor Square Garden. 
The Manufacture of Heavy Forgings—W. R. Klinkicht, For 
man, Heat Treating Department, Pollak Steel Compan) 
Cincinnati. 
Determining Heat Treating Costs—H. F. Wood, Metallurgis: 


Wyman-Gordon Company, Ingalls-Shepard Division, Har 
vey, Ill. 


Spark Testing of Steel—Don Stacks, Consulting Metallurg 
cal Engineer, Hartford, Conn. 
Some Fundamental Defects of Hardened Steels—Dr. Li 
Aitchison, Birmingham, England. 
(To be presented by title). 


Evening Session 
Exposition open until 10:00 P. M. 
7:00 P. M.—Moving Pictures. 
9:30 P. M.—Informal Dance, Ball Room, William Penn Hotel. 


THURSDAY, OCTOBER 11 


Exposition opens at 10:00 A. M. 
9:30 P. M.—Technical Session, Ball Room, William Penn Hotel. 
Chairman . M. Boylsto 


Effect of Heat Treatment on Lathe Tool Performance and 
Some Other Properties of High-Speed Steels—H. J, French 
Physicist, Bureau of Standards, Washington, Jerom 
Strauss, Materials Engineer, U. S. Naval Gun Factory 
Washington, and T. G. Digges, Assistant Physicist, Burea: 
of Standards, Washington. 

Secondary Hardness in Austenitized High Chromium Steels 
E. C. Bain, Research Metallurgist, Atlas Steel Corporatio 
Dunkirk, N. Y. 

The Hardening of Steel—Zay Jeffries and R. S. Archer 
Research Bureau, Aluminum Company of America, Clev 
land. 


Crystallization of Iron and Its Alloys—Albert Sauveu 
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Professor of Metallurgy, Harvard Universit 
Mass. 


X-Ray Examinations of Steel Castings—F. C. Langen 
Metallurgist, Watertown Arsenal, Watertown, Mass 


Afternoon Session 
M.—Technical Session, Motor Square Garden. Hardness Testing 
Sympostum, National Research Council, Maj. A. 
Chairman. 
The Hardness of “Common High’ Sheet Brass—A. L 
Metallurgist, Scovill Mfg. Company, Waterbury, Conn. 
Magnetic Indications of Hardness and Brittleness A. V. de 
Forest, Research Department, American Chain Company, 
Bridgeport, Conn. 
Testing of Steel for Hardness—H. M. German, Metallurgist, 
Henry Disston & Sons, Inc., Philadelphia. 
M.—Exposition closes. 


Evening Session 


M.—Annual Banquet of the American Society for Steel Treating, 
English Room, Fort Pitt Hotel. Tickets at Registration 
Desk. 


FRIDAY, OCTOBER 12 
Morning Session 


Exposition opens at 10:00 A. M. 

Technical Session, Ball Room, William Penn Hotel. 

Chairman ~ 1 D. Merica 

Salt Baths and Contamers—Sam Tour, Metallurgist, Doehle: 
Die Castings Company, Brooklyn, N. Y 
The Physical Properties of Metals at Elevated Temperatures 
—Vincent T. Malcolm, Metallurgist, Chapman Valve Mfg. 
Company, Indian Orchard, Mass. 

The Ageing of Steel—W. P. Wood, Department of Metal 
lurgy, University of Michigan, Ann Arbor, Mich. 

Conical Illumination in Metallography—H. S. George, Union 
Carbide & Carbon Research Laboratories, Inc., Long Island 
City, N. Y. 

Carbon and Carbon—Vanadium Steel Castings—A comparison 
—J. M. Lessells, Metallurgist Engineer, Westinghouse Elec 
tric & Manufacturing Company, East Pittsburgh 
The Theory of Quenching m Steels—Kotaro Honda, Tohoku 
Imperial University, Sendai, Japan. (To be presented by 
title). 

12:00 M.—Plant Visitation, National Tube Works, McKeesport, Pa 


Afternoon Session 


2:30 P. M.—Motor Square Garden. 
Sympostum on Metallurgical Education. 
Chairman ...Prof. S. L. Goodale 


Evening Session 


7:00 P. M.—Band Concert. 
00 P. M.—Exposition Officially Closes. 
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LIST OF EXHIBITORS AND WHAT THEY WILL EXHIBIT 
AT THE INTERNATIONAL STEEL EXPOSITION, PITTS- 
BURGH, OCTOBER 8-12, 1923 


\ir Reduction Sales Co., New York City. 
apparatus and supplies. 
oxyacetylene cutting. 
charge of booth: H. H. Melville. 


Space 137 will exhibit: 
Airco-D-B_ specially designed machines for 


American Car & Foundry Company, New York City. Space 69 will 
exhibit: 

One. No. 3 Three-Electrode Berwick Electric Rivet Heater for heat 
ing rivets up to 1% inches in diameter and of any length up to 7% 
inches. 

One, No. 4 Two-Electrode Berwick Electric End-Rod Heater for heat 
ing any size and diameter rod up to 1% inches in diameter and 
giving any length of heat desired up to 8 inches. 

One, 4 foot Rod Heater for 
inches, length of heat 4 feet. 
charge of booth: John S. Helt, Wilson Helt 


heating any diameter rod up to 1% 


and F. C. Cheston. 


American Gas Furnace Company, Elizabeth, N. J. Space S105 will ex 
hibit: 
Complete line of products. 
In charge of booth: P. C. Osterman. 


American Tool Works Company, Cincinnati. Space 92 will exhibit: 
lathes, Planers, Shapers, Radial Drills, etc. 


American Stainless Steel Company, Pittsburgh. 
hibit: 
Articles made from stainless steel. 

In charge of booth: John C. Neale. 


Space S116 will ex 


Armstrong Blum Mfg. Company, Chicago. Space 78 will exhibit: 
“Marvel” Hack Saw Machines; Automotive High-Speed Saw, Metal 
Band Saw, Punching, Shearings and Bending Machine. 


In charge of booth: Harry J. Blum, secretary and George J. Blum, 
vice president. 


Armstrong Cork & Insulation Company, Pittsburgh. Space 52 will ex 
hibit: 


Nonpareil 


Insulating Brick for furnaces, ovens, etc. 

Nonpareil High Pressure Covering, blocks and cement for steam lines 
and other heated equipment. 

Nonpareil Cork Covering for refrigerated lines and tanks. 

Nonpareil Corkboard for cold storage and constant temperature rooms 

Linotile and Armstrong’s Cork Tile for floors. 


ln charge of booth: R. S. Findley, L. W. Bertelsen and F. C. Young. 


C. Atkins & Co., Indianapolis, Ind. Space 123 will exhibit: 

omplete line of metal-cutting saws which includes KWIK-KUT 
power hack saw machine, metal band saw machine, circular metal 
cutting saws, metal-slitting saws, hack saw blades, hack saw frames 
and Cantol belt wax. Metal-cutting machines will be in opera 
tion. Free samples of Cantol belt wax will be distributed. 

charge of booth: Edward S. Norvell, manager, metal-cutting de- 
artment; W. R. Chapin, metallurgist; W. H. Albaugh, Pittsburgh 
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salesman; Claude E. Drake, St. Louis salesman and C. Fred k 
Indianapolis salesman. 


F. C. Andresen & Associates, Inc., Pittsburgh. Space $142 will exh; 
Publication “Fuels and Furnaces’, Booth will also be 
ception purposes. 
In charge of booth: F. C. Andresen, president. 


used for 


Atlas Steel Corporation, Dunkirk, N. Y. Space 19 will exhibit: 
Various grades of tool steel and special steels. One case will 
tures of the standard grades of tool steel in the annealed 
ened condition. Special cases will show various finished 


show 
and ha 
product 


made from Atlas high-speed steel, stainless and chrome beariny 
steels. 4 
Drill Rod and other products from cold drawing department. 
In charge of booth: ‘S. T. Harleman, H. R. Reese, H. R. Williams. 
V.: Reilly, all from the sales department and M. A. Grossmann. | 
C. Bain and W. H. Wills from metallurgical department. 


Avey Drilling Machine Company, Cincinnati, Ohio. Space 59 will ex 
hibit. 
One, No. % Avey Ball Bearing Drilling Machine, column type. 
One, No. 2 Avey Ball Bearing Drilling Machine, column type. 
One, No. 3 special Avey Ball Bearing Drilling Machine column 
power feed. 
In charge of booth: J. G. Hey, vice president. 


type 


Babcock & Wilcox Tube Company, Beaver Falls, Pa. Space S107 
exhibit: 
Seamless Steel Tubes. 
In charge of booth: H. N. Murray, superintendent. 


Bacharach Instrument Company, Pittsburgh: Space 99B 
Complete line of products. 
In charge of booth: L. J. Speidel, treasurer. 


Baker Brothers, Toledo, Ohio. Space 89 will exhibit: 
Drilling machine. 
In charge of booth: W. W. Elliott and H. L. Tigges. 


Bausch & Lomb Optical Co., Rochester, N. Y. Space 5 will exhibit 
A new model of the large metallographic outfit on which will be 
corporated a number of new and unique features. Also three smaller 
models of a new or at least modified design. Usual line of meta! 
lurgical microscopes and accessories of interest to the metallurgist 
In charge of booth: W. L. Patterson and I. L. Nixon. 


Bellevue Industrial Furnace Company, Detroit. Space 96 will exhibit 
Vertical complete muffle gas fired high speed furnace with muff! 
made -of Carbofrax manufactured by the Carborundum Company 
operating in connection with Geissinger Fuel Control Valve, and 
Brown Recording Instrument. 

One Aluminum Melting Furnace, tilting type, Geissinger Fuel Con 
trol Valve, Bellevue Oil and Gas Burners and Bellevue special 
shapes fire brick. 

In charge of booth: Walter E. Hinz, Louis J. Raymo and H. G. Ge 
singer. 
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Rellis Heat Treating Company, New Haven, Conn. Space 30-A_ will 
exhibit: 
Bellis Lavite—the ideal heating medium for hardening and tempering 

carbon, high speed and alloy steels 
charge ot booth: \ I: Bellis, president and | \\ Black, sSuperim 
tendent. 





Bethlehem Steel Company, Bethlehem, Pa. Space 14-23 will exhibit 

[he vast quantities of raw materials required by modern steel making 
organizations of large size, 

Coke Works Practice, showing the amount of coal required to pro 
duce one ton of coke and the amounts of the various by-products 
obtained in the operation. 

Blast Furnace Practice. The amount of raw materials” required — to 
produce and the resulting products obtained in the making of one 
ton of pig iron, 

Open Hearth Practice. Alloy Steel Heat. The materials required to 
produce one ton of alloy steel. 

Samples of all raw materials, products and by-products will form a 
part of the exhibit. 

In charge of booth: R. M. Bird, A. P. Spooner, m Shimer, (y ( 
Lilly, C. E. Chamberlain, R. H. Christ and G. A. Richardson 




















Blanchard Machine Company, Cambridge, Mass. Space 85 will exhibit 

Blanchard No. 10 Vertical Surface Grinding Machine, direct 
drive type with caliper attachment. 

Samples of work finished by grinding machine. 

Photograph of other sizes of Blanchard Surface Grinding Machines 
and work done by them with production data. The machine will be 
in operation on real work, giving visitors the opportunity to study 
its operation as well as the results obtained. 

This exhibit will be located in Motch & Merryweather Machinery 

Company's Mode! Shop. 
charge of booth: F. E. Bartley 


motor 













Bristol Company, Waterbury, Conn. Space 99 will exhibit 

Bristol’s Indicating and Recording High and Low Temperature Auto 
matic Controllers, Pyrometers, Thermometers, Gages, et 
charge of booth: H. L. Griggs. 









Brown Instrument Company, Philadelphia, Pa. Space 9 will exhibit 
\dded to the standard line of Brown Indicating and Recording Py 
rometers, Thermometers, Pressure Gauges, and Tachometers, the 
following new instruments will be of keen interest to metallurgical 
engineers: Brown Hydrogen Ion Recorders, Alkalinity and Acid 
ity Recorders, Oxygen Contact Recorders and Indicating and Re 
cording Temperature Control, Signaling and Alarm instruments 
\lso the new Brown Electric CO, Recorder, which does away with 
the limitation of CO, Recorders operative on other principles. Thes« 
instruments will be actually demonstrated so that anyone will have 
a comprehensive idea of their installation, simplicity and ruggedness 
\ll other standard Brown Instruments such as Radiation Pyrometers, 
Portable Potentiometers, ete., will be shown 

charge of booth: Richard r. Brown, president; Creorge W Keller 
iles manager; G. L. Clapper, Pittsburgh district manager; F. Q 
horp, Cleveland district manager; D. C. Mayne, Columbus district 
anager; A. C. Hanson, Pittsburgh district representative; and P 
Hemmerle, pyrometer engineer 
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The College of Engineering—Carnegie Institute of Technology. 


Carnegie Institute—Schenley 
tute of Art and Museum of Natural History in the 
with one of the largest collections of 


Park and Forbes Street. The largest and finest 
United States. It has a Mu 

Fossils, Prehistoric Relics and Ethnological 
jects ever assembled, a Library of 300,000 volumes, and a Music Hall with one 
world’s best pipe organs. 


It is open to the public daily from 10 A. M. ta 10 P 
Sundays from 2 to 6 P. M. 
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Bullard Machine Tool Company, Bridgeport, Conn. Space 87 will ex 
bit: 
hines they manutacture. 


Bureau of Standards, Washington, D. C. Space S104 will exhibit: 
juipment available at the Bureau of Standards for research and test- 
ng and illustrating the fields of co-operation with various industries. 
pecial attention will be paid to metallurgical work and in particular 
that relating to irons and steels, but the work of the paper, textile, 
rubber, leather, cement and optical glass sections will also be illus- 
trated. 
here will be on hand a case containing standard chemical samples, 

. set of the Bureau’s precision gage blocks and a relatively large 

1umber of samples to illustrate metal spraying by methods recent- 

vy perfected at the Bureau. 

Researches considered of special interest to members of the Society 
and their guests will also be illustrated by small models or photo 
eraphs and _ transparencies. These will include determinations of 
thermal stresses in chilled iron and steel car wheels, properties of 
metals at high temperatures, and photomicrographs of carbon and 
illoy steels, etc. 

Sets of publications will be at hand for examination by those interested. 
There will be installed and in continuous operation a projection lan- 
tern which will permit a more complete demonstration of the field 
of activities of the Bureau. 

n charge of booth: G. K. Burgess, H. J. French, T. G. Digges and 

QO. Z. Klopsch. 


1 
1 
i 


The Calorizing Company, Pittsburgh. Space 47 will exhibit: 
Furnaces equipped with Calorized Tube Recuperators. 
Powder Calorized Pipe, etc., Dip Calorized Sheets, Castings, etc. 
Calite (High Temperature Resisting) Castings. 
In charge of booth: G. L. Davis, Jos. Karch, J. S. Stairs, B. J. Sayles, 
G. D. Mantle, B. L. Jarrett, A. V. Farr, E. L. Malone, W. E. Clark, 
C. H. Evans and S. F. Cox. 


The Case Hardening Service Company, Cleveland. Space 38 will exhibit: 

Bohnite Case Hardening compound. ‘The original impregnated car 
bonizer, exhibited at every Steel Treating Exhibition to date—the 
compound which has become the standard of comparison. 

Caseite, the scientific cyanide mixture. Made under rigid chemical 
supervision and inspection. Manufactured since 1915. 

Non-Case Anticarburizing Paint, for localizing case hardening and 
tor the protection of steel from absorption of carbon. 

charge of booth: W. C. Bell, E. J. Gossett and J. S. Ayling. 


Celite Products Co., Chicago. Space 1 will exhibit: 

Complete display of Sil-O-Cel heat insulation showing the following 
products: Sil-O-Cel insulating brick for direct temperatures up to 
1600 degrees Fahr., Sil-O-Cel C-22 for direct temperatures in ex 

ss of 2200 degrees Fahr.; Sil-O-Cel powder, C-3, block and ce- 
ments. Also standard blow torch test in which a blow torch plays 
ipon a Sil-O-Cel insulating brick continuously to illustrate the im- 
netrability of Sil-O-Cel to heat flow. Also blueprints and _ illus- 
rations as well as actual samples of heat treating furnaces, enamel- 
g ovens, ete., showing method of installing Sil-O-Cel heat insula- 
110Nn, 

irge of booth: W. T. Kennedy and others. 
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Central Steel Co., Massillon, Ohio. Space 35 will exhibit: 

Typical scenes of steel mill practice shown in enlarged photog; 
Representative specimens of heat treated parts made from Ag 
Alloy Steels will be shown. 

In charge of booth: F. J. Griffiths, president and general manag: 
M. Schlendorf, vice president in charge of sales;. B. F. Fairless. 
president in charge of operations; E. C’ Smith, chief metallurgical] 
gineer; C. P. Richter, E. H. Kottnauer and W. W. Leffler al} o! 
metallurgical department. 


Champion Sales Company, Pittsburgh. Space S112 will exhibit: 
Metal Window Ventilators, and other special products. 

In charge of booth: E. C. Sattley, vice president. 

Chicago Flexible Shaft Company, Chicago. 
In operation Crucible Furnace, 

Speed Steel Furnace. 

In charge of booth: Peter Blackwood, J. W. 

hard. 


Space 98 will exhibit: 
Triple unit, Oven Furnace and H 


Lazear and O. C,. Ber 


i 


The Cincinnati Grinder Company, Cincinnati, O. Space 90 will exhibit 
One—12” x 36” Cincinnati Universal Grinding Machine, motor-driven 
One—Special heavy duty headstock for die work and one set of spe 

change and reverse units. 

In charge of booth: Arthur C. Hoefinghoff and Walter F. Stegne: 


Cincinnati Milling Machine Company, Cincinnati, Ohio. Space 90 wil! 
exhibit: 

One, No. 4 Vertical Cincinnati Milling Machine arranged for moto: 
drive in operation, demonstrating the capacity of this machine 
do face milling on heavy profiling work. 

One, new model No. 2 Universal High Power Miller with the new 
rectangular overarm. 


One Cincinnati Centerless Grinder in production on straight through 
and shoulder grinding. 

One Cincinnati 12 x 36 inches Universal Cylindrical Grinder on typi 
tool room work. 

One Cincinnati No. 1% Cutter Grinder together with a selection o! 
cutters capable of being ground on the machine. 


In charge of booth: Walter W. Tangeman, George Binns and L. \ 
Johnson, 


ta 


Cleveland Steel Tool Co., Cleveland. Space 36B will exhibit: 


Punches, dies, pneumatic chisel blanks and rivet sets. 
In charge of booth: R. J. Venning, treasurer. 


Climax Molybdenum Company, New York City. 


Space 53-62 will 
hibit: 


Molybdenum Steel and products made from same. 
In charge of booth: B. F. Phillipson, president; J. D. Cutter, vice pres 
ident and metallurgist; and W. N. Bratton, sales metallurgist 
Colonial Steel Company, Pittsburgh. Spaces 33-42 will exhibit: 
Tool Steel and special open-hearth steels, hardened fractures, raw ma 
terials and alloys used in process of manufacture, heat treating meth 
ods, etc. 
In charge of booth: 


Lawrence Wood, manager of Pittsburgh district 
sales. 





INNUAL CONVENTION 249 


Combustion Utilities Corporation, New York City. Space 94-95. will 
exhibit: 
number of furnaces illustrating general heat treating equipment 
among which will be Tool Heating Furnaces, Oil and Lead Temper 
ing Baths, and Heat Treating Furnaces both Recuperative and Non 
Recuperative with which it is hoped to illustrate the advantages ot 
the recuperator by having two such furnaces automatically con 
trolled and fired with sufficient indicating and recording instruments 
to show the comparative economy of the two types of furnaces 
Also one or two small but complete models of larger Heat Treating 
and Forging Furnaces. 
charge of booth: H. M. Henry, W. L. Frederick, P. J. Nutting, 
F, W. Manker and W. B. Kopfer. 


Crescent Washing Machine Company, New Rochelle, N. Y. Spac: 
93 will exhibit: 


operation—Model No. 1A machine for cleaning metal parts ot 
every description, for cleaning castings and forgings, stampings, 
screw machine products, etc. 
charge of booth: E. C. Arndts and J. F. Donovan, sales manage 


Crucible Steel Company of America, New York City. Space 13. will 
exhibit: 
fool and Alloy Steels and products made therefrom 
charge of booth: Dr. John A. Mathews, president; C. M. Johnson, 
director research department; and J. W. Tavlor, Pittsburgh office. 


Cutler Steel Company, Pittsburgh. Space S111 will exhibit 
Duraloy-Castings, Sheets, Bars and Wire; finished and semifinished 
parts. 
harge of booth: T. R. Heyward Jr., W. H. Waddington, F. B. Fos 
ter, G. C, Shidle and A. S. Lambie 


Dearborn Chemical Company, Chicago. Space 41 will exhibit 


NO-OX-ID, Rust Preventive, chemical 41 compounded Klean Kleen, 
Powdered Cleaner, in different grades, Cutting Oils, Drawing Oils, 
Quenching Oils, Soluble Cutting Oil and Deraboline, liquid cleanet 

in charge of booth: E. M. Converse, director of department of special 
ties, Chicago; J. A. Crenner, manager Pittsburgh office; C. C. Brown, 

Pittsburgh; E. K. Thomas, Pittsburgh and C. I, Loudenback, Detroit 
tice 


Dempsey Furnace Company, New York City. Space 97 will exhibit 
High-speed steel furnace; complete line of gas and oil burners; ele: 
tric constantator, for controlling oil, gas or steam pressure 
in charge of booth: H. B. Dempsey and F. J. Spillane 


Henry Disston & Sons, Inc., Philadelphia. Space S115 will exhibit: 
Milling saws, hot saws, friction saws, files, hack saws, tools and Hig 
ley milling saw machine. 
in charge of booth: J. L. Dorrington, Walter Newman and E. S. Ludy. 


Driver-Harris Company, Harrison, N. J. Space 4 will exhibit: 


Nichrome, heat resisting castings, carbonizing boxes, Nichrome sheets 
tor turnace linings and Nichrome resistance wire 

harge of booth: Arlington ‘Bensel, vice president; W. E. Blythe, 

etroit district manager; H. D. McKinney, Chicago district manager; 
M. Morgan, J. B. Shelby and H. O. Hardegan 
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Electrical Refractories Company, East Palestine, Ohio. Space S| 
will exhibit: 

Electrical refractories for use in resistance-type electric heating 
vices, including electric ranges, steel treating furnaces enam 
ovens, immersion heaters and laboratory equipment. 

In charge of booth: F. E. Owen. 


Charles Engelhard, Inc., New York City. Space 32 will exhibit: 
Thermo-Electric Pyrometers, Indicators, Recorders, Base-metal 
mo-Couples, Rare-metal Thermo-Couples, Pyrometer tubes, E}. 
Thermometers, Indicators and Recorders, Automatic Temper 


| 


Regulators; Temperature, gas and oil, Electric Gas Recorders (1 
mal Conductivity type), Thermal Expansion Measurement A, 
atus, Refractory Porcelain. 

In charge of booth: J. H. Allison, E. S. Newcomb, E. J. Deck: 

R. W. Newcomb. 


Equitable Gas Company, Pittsburgh. Space S130 will exhibit: 

Curves, Bulletins and descriptive matter relating to utilizatio 
natural gas. 

Complete information will be given and all questions answered 
garding supply and use of natural gas for heating and other i: 
trial purposes. 

In charge of booth: R. E. Polk, C. H. Whitwell, E. F. Koch. F 

Flowers and C. J. Long. 


Federal Machine & Welder Company, Warren, Ohio. Space S11° 
exhibit: 
Electric Butt Welding Machine. 

In charge of booth. Fred P. McBerty, general manager. 


A. Finkl & Sons Company, Chicago. Space 53 will exhibit: 
Drop Forge supplies, Mo-lyb-die steel products, die blocks and pist 
rods. 
In charge of booth: Chas. E. Finkl, manager, Wm, Finkl, E. H 
ham, manager, Detroit district, and T. P. Wallace, sales. 


Firth Sterling Steel Company, McKeesport, Pa. Space 3 will ex! 

Blue Chip High Speed and other Firth-Sterling tool and die st: 
also Firth-Sterling (S-Less) Stainless Steel. 

In charge of booth: Edwin T. Jackman, G. A. Jacobs, W. A. Nungest 

W. C. Royce, David E. Jackman, Jr., Donald G. Clark, H. I. Moor 

A. E. Barker and Harry Jarvis. 


J. B. Ford Company, Wyandotte, Mich. Space 31 will exhibit: 
“Wyandotte” cleaning materials with tank showing method of agitat 
a cleaning solution. 
In charge of booth: C. S. Tompkins and L. C, Warden. 


Forging-Stamping-Heat Treating, Pittsburgh. Space 43 will exhibit 
Copies of their four publications, Forging-Stamping-Heat Treat 
formerly (Forging and Heat Treating); Blast Furnace and 5! 
Plant; Coal Industry; Directory of Iron, Steel, Forging, Stam) 
and Heat Treating plants. 
In charge of booth: L. L. Carson, D. L. Mathias, F. J. Crolius, 
M. Mitchell and George P. Grant. 


General Alloys Co., Boston. Space 28 will exhibit: 
Q-Alloy Heat treating containers, boxes, pots, retorts and castings 
In charge of booth: H. H. Harris, E. P. Van Stone, W. K. L 
and A. L. Grinnell. 
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General Electric Company, Schenectady, N. Y. Space 76-77 
hibit: 
vo small electric furnaces and one air drying oven, 
harge of booth: C. T. McLoughlin, E. F. Collins, and C. 


will ex- 


Ipsen. 


Giddings & Lewis Machine Tool Company, Fond du Lac, Wis. Space 86 
will exhibit: 
One No. 32 Horizontal Boring Machine. 


Goddard & Goddard Company, Detroit. Space 79 will exhibit: 
Complete line of Milling Cutters. 
charge of booth: A. N. Goddard, president and C. S. Goddard, 
sales Manager. 


Gould & Eberhardt, Irvington, N. J. Space 85 will exhibit: 
One, 32 inch Invincible motor-driven shaper. 
charge of booth: C. L. Cameron and A. Miller. 


Geo. J. Hagan Company, Pittsburgh. Space 66 will exhibit: 
Improved design of standard box type electric furnace with automatic 
control equipment. 
harge of booth: R. E. Talley, C. F. Cone, R. L. Corbett, F. W. 
Robertson and A. D. Dauch. 


Halcomb Steel Company, Syracuse, N. Y. Space 22 will exhibit: 
Complete line of tool and alloy steels with parts made from same. 
charge of booth: S. C. Spalding, H. J. Stagg, and Messrs. Galbraith, 
\tkinson, Schroeder, Talmadge, Kissam, Boland and Schnibbe. 


R. G. Haskins Company, Chicago. Space S141 will exhibit: 

Flexible shaft equipments, portable grinders, especially featuring those 
used so extensively in the drop forging industry for finishing dies, 
ete. 
charge of booth: R. G. Haskins, Ralph Sloan, C. Kendrick and 

Robert Spurgin. 


Hauck Manufacturing Company, Brooklyn, N. Y. Space 18 
hibit: 

Hauck Venturi water-cooled open hearth oil burner with automatic 
triple cut-off valve and universal adjusting device; Hauck Venturi 
high pressure oil burners (air or steam) for continuous heating, 
plate heating, reverberatory melting and heat treating furnaces, also 
metal mixers. Hauck Venturi low pressure oil 


¢ 


will ex 


burners for heat 
reating, core ovens, enameling and melting furnaces, etc. Hauck 
Venturi flat flame oil burners for high pressure boilers, etc. Hauck 
oil ladle heaters; Hauck oil torches in different sizes for repairs to 
rolling mill machinery, open hearth furnace equipment, etc. 

charge of booth: F, A. Thomas, .Pittsburgh representative; Herbert 
Vogelsang, Cleveland representative; and Jules Escheman, Buffalo 


presentative. 


Haynes Stellite Company, New York City. Space 51 with exhibit: 


ynes Stellite Tool Bits, and Welded Tools for turning, boring and 
planing; blades for milling cutters, boring bars, and reamers; solid 
milling cutters. Works rests for centerless grinders-—dies—plug 
gages, fabric and rubber cutting knives—carpet cutter wires—linole- 
im mixing knives. Castings for valves, optical reflectors, die cast- 
ng machine parts and hot billet scrapers. 

harge of booth: A. B. Leonard and W. J. Lindner. 
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Heppenstall Forge & Knife Company, Pittsburgh. Space 6-7-8 will ex 


hibit: 

ie Blocks, Shear knife, piston rod, nickel steel, chrome vanadium, 
le f all ‘el, tinnt “oll, gal izing roll and Ascol 

samples Of alloy Steel, tinning roll, galivanizing OL ale SCOLOY 

Steel. 


charge of booth: C. W. Heppenstall, Floyd Rose, J. A. Succop 


High Speed Hammer Company, Inc., Rochester, N. Y. Space S109 will 
exhibit: 
Complete line of high speed riveting hammers and one drill press. 
charge of booth: H. A. Moore, C. W. Schuchardt, H. C. Levine 
and W. P. Andrus. 


Hoover Steel Ball Company, Ann Arbor, Mich. Space S100 will ex- 
hibit: 

One show case showing balls at different stages of production. This 
case may also contain bearings and valves illustrating the applica- 
tion of balls in industry. 

One gaging machine showing how balls are separated for size. This 
machine will be able to separate balls which vary .0001 of an inch. 
Connected with this machine will be a small apparatus illustrating 
the uniformity of hardness of steel bars which are used in high 
grade bearings. 

In charge of booth: Hilton G. Freeland, metallurgist and F. H. Lennox, 
sales manager. 


Holcroft & Company, Detroit, Mich. Space $143 will exhibit: 

[Two of the latest type electric melting furnaces, one of which is 
specially adapted to laboratory use. Also, drawings, photographs, 
and technical data of our latest types of heat treating furnaces, also 
there will be shown drawings and photographs of open hearth steel 
furnaces, malleable reverberatory furnaces, with arrangements for 
burning both liquid and powdered fuel and all other types of fur 
naces used in the metallurgical industry. 

In charge of booth: R. T. Cadwell, secretary and treasurer; H. L. Ritts, 
sales manager; C. E. Chaney, electrical engineer; J. T. Jans, mechani- 
cal engineer; H. M. Gregory and F. FE. Gardiner, Canadian representa- 
tives. 


Hoskins Mfg. Company, Detroit. Space 70 will exhibit: 

An electrically heated tube furnace, so operated as to give individual 
heat treatment to the parts passing through it. Furnace is equipped 
with five tubes through which the material is pushed by an auto- 
matic pusher. The temperature is automatically controlled. 

In charge of booth: Chas. S. Kinnison, James D. Sterling, W. D. Little 
and W. A. Gatward. 


E. F. Houghton & Company, Philadelphia. Space 45 will exhibit: 
Cutting Oils; Carburizers; Tempering and Drawing Oils; Vim Leather 
Belting and Vim Leather Packing, 
charge of booth: Herbert Lloyd, Chas. Schultz, Walter A. 
Buechner, David J. Richards and George W. Pressell. 


Hunter Saw & Machine Company, Pittsburgh. Space S125 will exhibit: 
Circular inserted tooth saws; circular solid tooth milling saws, suitable 
tor Newton, Espen-Lucas, Higley, Lea-Simplex, Wagner, Cochrane- 
Bly, Nutter-Barnes, Burk, Smith & Post, Knowlton, Bryant and 

Y. & S. sawing machines. Hot saws, tube saws, friction disks, 
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Thaw Hall, University of Pittsburgh. The departments of Chemistry, Chem 
Engineering with laboratories, and Engineering are lodged in this building. 





Typical River Scene. Pittsburgh’s River tonnage is greater than the world’s 
largest ports combined. 
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rcular shear knives, slitter knives, skelp knives, pipe cutters, pneu 
itic hammer rivet sets and chisel blanks; brick mould liners, pat 
rn core and molding plates; inserted tooth grinders for solid tooth 
iws, setting-up-device for setting teeth in inserted tooth saws. Ci 
ular knives for tobacco, cigarettes, cotton, cork, rubber, candy, 
paper, cloth, ete. Clutch disks, device for dressing friction disks, 
ind many hardened steel specialties. 


International Nickel Company, New York City. Space 37-46 will ex 
hibit: 
samples of nickel steel and nickel steel products for various industrial 
uses. 
charge of booth: Paul D. Merica, Chas. McKnight Jr., Thos. H. 
Wickenden and L. Muller-Thym. 


Interstate Iron & Steel Company, Chicago. Spaces 49-50 will exhibit: 
Moving picture film entitled “The Story of Alloy Steel’, two or three 
times daily in a room which has been provided adjacent to ex 
position room. 
so display of parts from Interstate steel and some _ typical test 
samples developed in their laboratory. 
charge of booth: W. J. MacKenzie, Elmer Larned, Paul Llewellyn 
and George Fisher. 


Iron Age, New York City. Space 21 will exhibit: 
The Iron Age. 
harge of booth: F. J. Frank, C. S. Baur, W. B. Robinson, D. C. 
Warren, H. E. Barr, B. L. Herman, C. Lundberg, E. Findley, FE. S 
Wayne, D. G. Gardner, C. L. Rice, E. Sinnock, F. Schultz, W. C 
Sweetser, A. L. Marsh, O. B. Bergersen, W. W. Macon, E. T. Cone, 
G. L. Lacher, S. L. Prentiss and R. E. Miller. 


Jones & Laughlin Steel Corporation, Pittsburgh. Space 26 will exhibit: 
Cabinets, showing various products manufactured. 
charge of booth: J. J. Shuman, H. W. Graham and A. Milne. 


Keller Mechanical Engineering Corp., Brooklyn, N. Y. Space 88 will 
exhibit: 

\utomatic Die Cutting machine, type F, fully electrically controlled, 
cutting a set of dies for Turbine Buckets as used in the most up to 
date machines. This machine can be operated fully automatically 
and by hand. All controls are centrally located and are push button 
ontrol. This machine embodies some very revolutionary and novel 
features not shown heretofore in machine tools. 
charge of booth: S. A. Keller, Jules Dierckx, Henry Schreiber, Chas 

Bitter and A. J. Benson. 


King Refractories Company, Inc., New York City. Space 44 will ex- 
hibit: 

Flame Brand” high temperature cements for laying up fire brick 
settings; for veneering, patching, monolithic walls, rammed-in-lin- 
ings, and insulating. “Mono” boiler baffling. 
harge of booth: S. C. Smith, president; E. J. Eddy, treasurer: and 

J. Parthesius, Pittsburgh representative. 


Kinite Company, Milwaukee, Wis. Space S114 will exhibit: 
nite dies as cast, Kinite dies machine finished, Kompite castings as 
ist, Kompite castings machine finished, Stampings made on Kinite 
ind Kompite dies, Patterns from which dies have been made. 
harge of booth: FE. J. Mohr, sales manager; T. A. Moormann, su- 
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perintendent; Wm. C, Eakin, representative for 


Pittsburgh and © 
districts; H. F. Kluender, representative 


Michigan district. 


Charles Kleist & Son, Jamestown, N. Y.—Space 40B will exhibit: 
Drop Hammer Boards, built-up-type and standard type, Drop H 
mer Pins. 
In charge of booth: H. E. Kleist. 


Laughlin-Barney Machinery Company, Pittsburgh. Spaces 57, 538. 
and 60. The following firms will be represented in these booths 
Ohio Machine Tool Co., Kenton, O., will occupy space 60 and 
exhibit one 32-inch dreadnaught shaper. Oliver Instrument ( 
Adrian, Mich., in space 59, will exhibit two automatic drillpointers a 
one die-making machine. Avey Drilling Machine Co., Cincinnati 
©., space 59, will exhibit three drilling machines. Oilgear compan 
Milwaukee, Wis., space 58, will exhibit one 6-ton gooseneck broach 
and assembling press. Laughlin-Barney Machinery Co. will 
space 57, which will be used for reception purposes. 

In charge of booths: C. C. Swift, Ohio Machine Tool Co.; F 
Oliver, Oliver Instrument Co.; J. G. Hey, Avey Drilling Machin 
Co.; Howard Crull and W. D. Creider, Oilgear Co.; and the 
lowing will represent the Laughlin-Barney Machinery Co.: Harr, 
Barney, John K. Henry, William Katzenmeyer, R. C. Neimeier, \\ 
C. Pompey and J. M. Hill. 


OC 


Leeds & Northrup Company, Philadelphia. Space 71-80 will exhibit 
Potentiometer Pyrometers, Indicating, Recording and Controlling, Op 
tical Pyrometer, Hump Method for Heat Treatment; Equipment 


11) 
full operation actually heat treating tools. 


In charge of booth: G. W. Tall Jr.. Henry Brewer, Oscar Brewer, F 


B. Estabrook, Jordan Korp, A. E. Tarr, W. A. Lane and H. N 
McMichael. 


E. Leitz, Inc., New York City. Space $110 will exhibit: 

Leitz Micro-metallograph; large metal microscope with camera; medi 
um type metal microscope model “MO”; 
“MT”; Brinell microscope. 
machines, 


workshop) microscop 

Assortment of grinding and palishing 

Several models of mineralogical microscopes. Assortment 

of accessories interesting to steel concerns. 

In charge of booth: G. Spindler, in charge of technical department, 
H. E. Bader, middle west representative. 


Linde Air Products Company, New York City. Space S117 will exhibit 

Specimens, photomicrographs and macrographs of oxy-acetylene welds 

in various metals. The application of the oxy-acetylene process fo! 

various purposes and as used in the steel industries. Recent labora 

tory developments concerning the use and application of the process 

on steel products. A live exhibit of oxy-acetylene equipment. Weld- 
ing and cutting apparatus equipment, etc. 

In charge of booth: J. R. Dawson, Union Carbide & Carbon Research 

Laboratories, Inc., H. S. George, Union Carbide & Carbon Company, 

J. W. Foster, Linde Air Products Company and F. L. Rogers, Ox 


weld Acetylene Company and R. A. Sully, Linde Air Products Com 
pany. 


ne 
al 


Ludlum Steel Company, Watervliet, N. Y. Spaces 56-65 will 
Rustless Steel and Tool Steel. : : 

In charge of booth: P. A. E. Armstrong, V. S. Yarnell. 

Machinery, New York City. Space 40-A will exhibit: 
Large wall screen showing interesting photograph covering “Heat 


L 


exhi 
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Treatment of Steel,’ Machinery, a mechanical journal covering the 
industries and a full line of Machinery’s Mechanical Books. 
charge of booth: Erik Oberg, J. N. Wheeler and H. B. Hurlburt. 


Mahr Manufacturing Company, Minneapolis,, Minn. Space 54, will ex- 
hibit: 

Heat Treating Furnaces, blowers and kindred equipment. Mahrvel 
furnaces with a novel method of showing circulation will be on 
exhibition. 
charge of booth: H. A. Anderson, chief engineer, J. O. Connolly, 

sales department, home office, Benj. G. Harmon, Chicago branch 

manager and E. F. Piea, Philadelphia representative. 


Jas. H. Matthews & Company, Pittsburgh. Space 2, will exhibit: 
Marking Machines, Steel Stamping and Embossing Dies together 
with samples of products marked, brass dies for printing wooden 
boxes, rubber dies for printing corrugated boxes, identification badges, 
checks, tags and plates stamped and embossed, bronze signs, memorial 
and commemorative tablets. 
In charge of booth: Mr. McConaghy, H. R. Wade and H. W. Ehrlen. 


Midvale Company, Philadelphia. Space 81 will exhibit: 
Complete line of products. Booth will also be used for reception pur 
poses. 
In charge of booth: Stuart Hazelwood and others. 


Molybdenum Corporation of America, New York City. Space 27, will 
exhibit: 

Various parts and products made from Molybdenum Steels such as 
springs, bearings, chisels, rolls, shovels, ete. 

In charge of booth: J. M. Fuller, G. W. Sargent, president, J. W 

Weitzenkorn, yice president and general manager, Clifton Taylor, 
general sales agent and E. A. Lucas, works manager. 


Motch & Merryweather Machinery Company, Pittsburgh. Spaces 
82 and 85 to 92 will exhibit: 


In booths 85 to 92 and 82 across the aisle. There will be on exhibition 
in these booths various machinery from the following firms: 
Cee PI, FUMPWNUE, POs Docc c teres ewe rssccevoecesa 85 
Blanchard Machine Co., Cambridge, Mass................. 85 
Giddings and Lewis Machine Tool Co., Fond du Lac, Wis.. 86 
© ee es ee I, SO vnc cc hae dedveccevcesuceds 86 
Bullard Machine Tool Co., Bridgeport, Conn............... 87 
Keller Mechanical Engineering Corp., Brooklyn............ 88 
MC a I WUPGEINOT, TIUNCE oo oicic sce ccccccuccecvevecens 89 
re Ce cu bdclecMesee eedweleescewes 89 
Cincinnati Milling Machine Co., Cincinnati, O........... 9() 
Cincinnati Grinding Co., Cincinnati, Ohio................. 9() 
National Automatic Tool Co., Richmond, Ind............. 9] 
American Tool Works Co., Cincinnati, Ohio................ 92 


In charge of booths: E. C. Batchelar, manager, J. T. MecCuen, J. A 
Menges, L. A. Rafferty, L. C. Deckard and J. L. Vance. 


National Automatic Tool Company, Richmond, Ind. Space 91, wi!) 
exhibit: 

Natco Multi Drilling machines, Natco Multi Tapping machines, Natco 
Universal points, Natco Drill holders, Natco Tap Holders and Natco 
Quick change holders. 

In charge of booth: Edward D. Frank, Ray Sterling and R. N. Piper 
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National Machinery Company, Tiffin, Ohio. Space 12. 
This company will have reception space. 

In charge of booth: E. R. Frost, F. J. Mawby, K. L. Ernst and ¢ 
D. Harmon. 


National Twist Drill & Tool Company, Detroit. Space $136 will 
hibit: 
Complete line of products. 
In charge of booth: H. K. Chambers, assistant secretary. 


R. D. Nuttall Company, Pittsburgh. Space $113, will exhibit: 

B P tough hard gears and pinions of the spur and helical t 
Fractured sample teeth of our different hardened grades of gea 
Flexible couplings, and miscellaneous industrial gears. 

In charge of booth: O. W. Hershey, sales manager, Milton Rupert, 
president, W. H. Phillips, manager of engineering, J. E. Mullen, 
sistant sales manager; C. H. Parker, R. R. Gartside, W. H. Smith 


R. W. Young. 


S. Obermayer Company, Chicago. Space 63, will exhibit: 

Refractory furnace cements and refractories as well as various c| 
coals, graphite and also description of the application of vari 
refractories to furnace construction. 

In charge of booth: J. L. Cummings, manager, refractory division; | 

Frohman, vice president; F. P. Bullion, Pittsburg office; and 

Eggert, salesman. 


Ohio Machine Tool Company, Kenton, Ohio. Space 60, will exhibit 
One 32-inch “Ohio” dreadnaught shaper. 

In charge of booth: C. C. Swift, manager; and Louis Peters, supe: 
tendent. 


Ohio Steel Foundry Company, Springfield, Ohio. Space 15 will exh 
Fahrite—Alloys and Equipment. 
In charge of booth: H. G. Shook. 


Oilgear Company, Milwaukee, Wis. Space 58 will exhibit: 
One 6-ton new gooseneck broaching and assembling press, typ 
with automatic control. This machine will be in operation 
will be driven by a 5-horsepower constant speed motor. 
In charge of booth: Howard Crull and W. D. Creider. 


Oliver Instrument Company, Adrian, Mich. Space 58, will exhibit 
Two Oliver of Adrian automatic drillpointers, and one Olive: 
Adrian die making machine. 
In charge of booth: W. G. Schutt and E. C. Oliver. 


Pangborn Corporation, Hagerstown, Md. Space 74-75-83-84, will exh 


Barrel Sand-Blast, Cabinet Sand-Blast and Rotary Table Sand-Blast: 


all of which will be in operation demonstrating the sand-blastins 
heat-treated parts, forgings, etc. 

Display of photographs illustrating sand-blast installation in heat t 
ing plants, interesting specimens of heat treating art and comp 
display of metallic abrasives. 

Angular Steel Grit and Samson Steel Shot, with data and inform 
in regard to their use. 

In charge of booth: John C. Pangborn, vice president; H. D. G 
sales manager and F. E. Wolf, district sales engineer. 
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Pannier Bros. Stamp Company, Pittsburgh. Space $126, will exhibit: 
teel Stamps, Steel Stamping dies, Steel Embossing dies; Terne 
Plate dies, Metal shipping tag addresser, Pipe tag marking machine, 
Embossing numbering machine, marking equipment for Sheets, 
Plates and Structural materials including rubber dies and holders, 
interchangeable rubber type and holders and rubber heat stamps. 
charge of booth: O. M. Pannier, president; W. J. Pannier Jr., vice 
resident; F. Speicher Jr., superintendent; W. W. Hague, business 
anager; and C. C. Gray, manager of sales. 


Park Chemical Company, Detroit. Space S108, will exhibit 
omplete line of heat treating materials consisting of: case hardening 
compounds, cyanides, cyanide mixtures, reheating—lead pot carbon, 
quenching and drawing oil, furnace cements, etc. 
harge of booth: N. S. Schermer and J. N. Bourg. 


Peerless Machine Company, Racine, Wis. Space S135 will exhibit 
One Peerless high-speed hack saw; one Peerless Universal shaping 
saw—sizes 6 x 6”; and one Peerless Universal shaping saw—size 
13 x 13”. All of these saws are motor driven. 
charge of booth: H. J. Swanson, general sales manager; A. H 
Goetz, Pittsburgh representative; and R. W. Hansen, Cleveland rep- 
resentative. 


Penton Publishing Company, Cleveland. Space 73, will exhibit: 
echnical books and periodicals. 
charge of booth: J. D. Pease, advertising manager; John Henry, ad 
vertising department; E. F. Ross and C. J. Stark, editors; F. V. Cole, 
circulation manager; S. Frank, salesman; and S. H. Jasper, Pittsburgh 
inanager. 


Pennsylvania Pump & Compressor Company, Easton, Pa. Space 92A 
will exhibit: 
Machine supplying air for Pangborn Corporation exhibit 
charge of booth: Ward Raymond, vice president. 


Pittsburgh Crucible Steel Company, Pittsburgh. Space S120 will exhibit: 
Complete line of steel manufactured. 
In charge of booth: F. B. Hufnagel. 


Pittsburgh Instrument & Machine Co., Pittsburgh. Space S124, will 
exhibit: 

Brinell testing machines; impact testing machines; metal sheet tester; 
metallographic grinding machine; instruments for measuring Brinell 
impressions and weight calculating instrument. 
harge of booth: Paul Kammerer and Charles Trueg. 


Quigley Furnace Specialties Company, New York City. Space 61, will ex 
hibit: 

Hytempite, (high temperature cement)—its application in building 
and repairing furnace walls. Quigley insulating brick for reducing 
heat losses in furnace structures. 
charge of booth: W. H. Gaylord Jr. and D. F. McMahon. 


Racine Tool & Machine Company, Racine, Wis. Space S140, will ex 
hibit: 

No. 5 Racine High-Speed Metal Cutting machine 6” capacity, motor 
lriven, Racine Junior metal cutting machine, motor driven 4” ca 
pacity, Racine Duplex band saw for cutting all wood, soft metals 
and hard metals complete with two-speed transmission and gravity 
teed vise motor driven. 
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In charge of booth: M. E. Erskine, president; D. B. Maxwell, sak 
man and R. E. Fuller, mechanic. 


eos al eo ae ee 


W. S. Rockwell Company, New York City. Space 24 will exhibit: 
Models of operating furnaces. 
In charge of booth: J. N. Voltmann and C. D. Barnhart. 


FL PA 


Rodman Chemical Company, Verona, Pa. Space 20, will exhibit: 
Case Hardening materials, Luting materials, Quenching oils and Te: 
pering oils. 
In charge of booth: Hugh Rodman, general manager; and Gordon 
Webb, Detroit district manager. 


Roessler & Hasslacher Chemical Company, New York City. Space S13! 

will exhibit: 

Chemicals: Sodium Cyanide, Roessler & Hasslacher Hardener, Gra: 
ular (96-98 per cent); Granular (73-76 per cent); Cyanegg (73-7; 
per cent); Block (73-75 per cent); Copper Cyanide; Zinc; Sodiun 
Prussiate; Potassium Prussiate; Soda Ash; Caustic Soda. 

Case Hardened gears, pinions, etc. 

In charge of booth: C. H. Proctor, metallurgical and plating expert 
Wm. M. Gager, metallurgical expert, and a Pittsburgh representativ 
from sales office. 

F. J. Ryan & Co., Philadelphia. Space $132, will exhibit: 

Different types of burners; model of new pattern sectional furnac 
construction; automatic control for high and low pressure burners 
Enlarged photos of type of installations. 

In charge of booth: J. L. Edwards, manager, Pittsburgh office; F. A 
Hall, sales department, Philadelphia office; G. F. Beach, chief eng: 
neer, Philadelphia office; and F J. Ryan, president, Philadelphia. 

Scientific Materials Company, Pittsburgh. Space $128, will exhibit: 
Brinell machine; F. & F. optical pyrometer; Scientific Materials 

Company’s optical bench; polishing and grinding machines; levigated 
alumina. 

In charge of booth: E. H. Fisher, E. C. Mateja and E. P. Dillinger 

Shore Instrument & Mfg. Co., Jamaica, N. Y. Space $133, will exhibit 
Latest improved C-type Scleroscope (bulb type). Latest improved 

model “D” recorder (Dial type). These instruments are for thi 
testing of hardness of metals. A and B type Pyroscope—optical 
temperature indicators from 1200 Fahr. to 3000 Fahr. Elaston 
eter and Durometer—testing plastic materials as rubber. Localcas« 
is used in carburizing and Localhard is used for Tool Steel—also 
various fixtures for holding work while testing. 

In charge of booth: F. G. Kendall and assistant. 

The Spencer Turbine Company, Hartford, Conn. Space 95, will exhibit 
Catalogue No. 1515 turbo compressor; Catalogue No. 1505 turbo com 

pressor and catalouge No. 1001 turbo compressor as used for sup 
plying air in connection with oil or gas burning industrial furnaces, 
foundry cupolas, etc. 

In charge of booth: H. M. Grossman, sales engineer; and O. J. Dinge 
engineer. 

Steel City Testing Laboratories, Pittsburgh. Space S150, will exhibit 
Latest Model Brinell Machines. 

In charge of booth: H. A. Weaver. 

Surface Combustion Company, New York City. Space 17, will exhibit 
Surface Combustion products as follows: low pressure air-gas inspira 

tor; high pressure air-gas inspirator; velocity burner; impact and 
tunnel burners; combination oil and gas burner. 

In charge of booth: F. J. Winder and W. M. Hepburn. 
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Tacony Steel Company, Philadelphia. Space 48, will exhibit 
\llov bar steel, forgings, die blocks, piston rods and trimmer steel 
charge of booth: H. A. Baxter, general manager of sales; C. W. For 
cier, Pittsburgh district sales manager. 


Tate-Jones & Company, Inc., Pittsburgh. Space $129, will exhibit: 

Oil and gas burners. Automatic control apparatus for oil and gas 
furnaces; automatic electric heat treating furnace information; con 
tinuous oil, gas and coal fired heat treating furnace information 
Standard annealing, hardening, heat treating and forging furnace in 
formation. 

In charge of booth: L. C. Jacobus, sales manager; L. S. Kelso, and H. E 
Marks, Pittsburgh district representatives; Edward Busch, Detroit dis 
trict representative; James H. Knapp, Los Angeles district represen 
tative; P. J. Myall and J. L. Stroman, Chicago district representatives; 
W. M. Smith, New York district representative; and George Ellerton, 
Pittsburgh office. 

Taylor Instrument Company, Rochester, N. Y. Space 34 will exhibit: 
The exhibit will consist of portable and stationary type electrical py 

rometers both indicating and recording also including a _ full line 
of heavy duty and high temperature thermocouples. Also thermom 
eters for oil, brine and lead tempering baths, electrical controls, 
solenoid valves, recording thermometers and pressure gages. 

In charge of booth: E. C. Taylor, Pittsburgh; Avery Taylor, Pittsburgh 


ind G. A. Howell, Rochester, N. Y. 
Tinius Olsen Testing Machine Company, Philadelphia. Space 72 will 


exhibit: 

One small Universal Testing Machine. Also attachments for Brinell 
Hardness, Ductility of Sheet Metal, and for testing welds of weld 
ing material. Also various Ductility Testing Machines. 


Impact or Repeated Impact Testing Machines, an Elasticity Testing 
Machine for wire, various instruments, such as Extensometers and 
Strain Gages and also various types of Hardness Testers to include 
the Olsen Hydraulic Brinell Hardness Testers, the Olsen Last Word 
Hardness Testers of two sizes and also a number of the New Het 
bert Pendulum Hardness Testers, which will be exhibited for the 
first time in the United States. Edward G. Herbert himself expects 
to take a trip over to this country and attend the convention and 
exposition in Pittsburgh and will have his headquarters at this 
booth during that time. 

One of the latest Olsen-Carwen Static-Dynamic Balancing Machines 
with all the latest improvements for testing rotating parts as is 
now used by many of the large motor and automobile manufacturers 
throughout the country. 

In charge of booth: R. B. Lewis, Tinius Olsen, T. Y, Olsen, and Ed 
ward G. Herbert, Manchester, England. 


Union Electric Steel Corporation, Carnegie, Pa. Space 55 will exhibit: 
Die Blocks, Piston Rods, Rams and Trimmer Steel. 

ln charge of booth: W. L. Goodrich, Ross J. Emery, David Stuart, | 
J. Johnson, W. H. Rieger and R. E. Lee. 


United Alloy Steel Company, Canton, Ohio. Space 10-11 will exhibit: 
Automotive parts and industrial parts made from ailoy steel. 

In charge of booth: H. H. Pleasance, vice president; W. H. Wiewel, 
issistant manager of sales; M. F. McOmber, district sales agent; and 
F. W. Krebs, sales engineer. 


United States Chain & Forging Co., Pittsburgh: Space $134 will exhibit: 


\ display of heat treated and tested chain showing the advantages 
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of heat treatment over the untreated chain. 
In charge of booth: Frank A. Bond, Frank L. Campbell, W. G. Har: 
and William H. Reid. 


The V & O Press Company, Hudson, N. Y. Space 86 will exhibit 
V & O Double Length Slide Inclinable Power Press; a model 
our Press Clutch; a set of parts for a Standard Press; vario 
sample boards, photographs, etc. 
In charge of booth: Edward Cairns and R. O. Brunst. 


Vanadium-Alloys Steel Company, Latrobe, Pa. Space 29-30 will exhib: 
Tool steels treated in different ways; tool steel fractures. Variou 
tools showing uses of tool steels. Products made from tools ma 

of tool steel. 

In charge of booth: A. F. Chilcott, Buffalo; W. R. Mau, A. G. Hen: 
and R. F. Noonan, all of Chicago; F. W. Potts, Cincinnati; J. | 
Caler, R. L. Daull and T. J. Van de Motter, all of Cleveland; J 
Cole, Dayton; A. F. McFarland, Dearborn; D. D. Dodd, Detroit; D 
A. Black and L. G. Murray of Dorchester, Mass.; E. B. Kitfiel 
Wallingford, Conn.; J. A. McKay, Jersey City, N. J.; A. W. Stephe: 
son, Philadelphia; F. C. Comas, Reading; H. P. Edison and R 
Artz of Pittsburgh; D. L. Bardes, McKees Rocks, Pa.; and W 
Dunlay, St. Louis. 


Vanadium Corporation of America, New York City. Space 16-25 \ 
exhibit: 
Specimens of Vanadium ore and Ferro Vanadium. 


In charge of booth: Colonel M. G. Baker, vice president; D. Saklat 


B 
walla, general manager; Geo. L. Norris, C. F. Fritz, J. A. Miller, | 


Walter Flannery and H. T. Chandler. 


Vulcan Crucible Steel Company, Aliquippa, Pa. Space $127 will exhibit 
Tool Steels (high speed, alloy and carbon); special steels and n 
terials used in their manufacture and tools and parts made from thet 
In charge of booth: G. L. Kronfeld and A. D. Beeken Jr. 


Warner & Swasey Company, Cleveland. Space $118 will exhibit: 

2A Universal hollow hexagon turret lathes. The design of this n 
chine makes it readily adaptable for machining both bar and chu 
ing work and these features will be demonstrated. 

In charge of booth: A. C. Cook, general sales manager; C. J. Stilwell 
domestic sales manager; A. H. Keetch, district manager of Buffa! 
and Pittsburgh territories; J. E. Figner, district representative, Pitt 
burgh; and E. Kunze, demonstrator. 


Westinghouse Electric & Mfg. Co., East Pittsburgh. Space 77-78 
exhibit: 

Four muffle furnaces with control features: Type B-36, Type Bb-! 
Type B-12, Type L-5-12. One, Type R-14 crucible furnace, ©) 
Type K-10 oven, Two, low-temperature melting pots, One, sn 
combustion tube furnace, One, small solder pot; two, Type C 
heaters; one, air heater, and eight, space heaters. 


Wilson-Maeulen Company, New York City. Spaces $138-139 will exhi) 
Pyrometers, Rockwell Hardness Testers. 

In charge of booth: S. C. Horn, C. E. Hellenberg and Harvey |! 

Witherow Steel Company, Pittsburgh, Pa. Space 39 will exhibit 
Continuous die rolled products consisting of rolled sections, tro 

axles, ring gears and rear axle drive shafts. 

In charge of booth: W. P. Witherow, president; J. S. Langston, x 
eral sales manager; W. C. Emory, assistant sales manager; and 
Leibinger, sales engineer. 
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THE HARDENING OF STEEL 


By Zay Jeffries and R. S. Archer 


Abstract 


In this paper there are given a general definition of 
hardness, a brief statement of a general theory of the 
hardening of metals, and a detailed conception of the 
nature of hardened steel and of the causes for its hard- 
ness. Martensite ts considered to owe its hardness chiefly 
to the very small grain size of the Alpha iron of which 
it is composed. Aging or mild tempering causes a pre 
cipitation of very fine particles of cementite which con- 
stitute an additional hardening factor. The softening of 
hardened steel by tempering is due to the growth of the 
Alpha tron grains and of the cementite particles. 


HE nature of hardened steel and the cause of its hardness 

were for many years among the chief subjects of metallurg 
cal investigation and discussion. A point was finally reached 
when it appeared that further theoretical discussion was nothing 
more than idle speculation because of the lack of sufficient fact 
evidence. In 1915, Sauveur made the following statements as a 
conclusion to a paper on “Metallography and the Hardening of 
Steel.” 

“It will be obvious from the foregoing that the many recent 
attempts at arriving at a satisfactory explanation of the hardening 
of steel are based on one or more of the following conceptions: 
(1) existence of a hard allotropic variety of iron, (2) existence 
‘f solid solutions involving the occurrence of so-called “hardening” 
arbon, and (3) existence of strains in quenched steel causing 
r not an amorphous condition of the iron. 

“It will likewise be obvious that no theory so far presented 

ily satisfies our craving for a scientifically acceptable explana 
n of the many phenomena involved. 
“It would seem as if the methods used to date for the elucida 


\ paper to be presented before the annual convention of the Society, 
burgh, Oct. 8-12, 1923. The authors are associated with the Research 

eau of the Aluminum Co. of America, Cleveland. Written discus 
of this paper is invited. 
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tion of this complex problem have yielded all they are capable | 
yielding and that further straining of these methods will onl 


serve to confuse the issue, a point having been reached when th 


ee ee te ee 


juggling, no matter how skillfully done, with allotropy, solid so 
utions, and strains is causing weariness without advancing tli 
solution of the problem. The tendency of late has been to aba: 
don the safer road of experimental facts and to enter the maz 
of excessive speculations, in which there is great danger of som 
becoming hopelessly lost. 

“The conclusion seems warranted that new avenues of a 
proach must be found if we are ever to obtain a correct answei 
to this apparent enigma.” 

For a number of years there has been a lull in the discussio 
of this subject. Recently there has become available additional 
experimental evidence bearing on the constitution of hardened 
steel, so that it now appears profitable to resume the considera 
tion of the cause or causes of its hardness. 

The authors have had occasion to make a careful analysis of 
the various properties of metals and alloys, and to develop a gen 
eral theory of hardening. This was published under the titk 
“The Slip Intefrerence Theory of the Hardening of Metals” in the 
June 15, 1921 issue of Chemical &> Metallurgical Engineering. In the 
latter part of that article the hardness of steel was considered as 
a special application of this general theory. Since that time there 


has been much discussion of the views put forth and some addi 


tional evidence has accumulated. It is the purpose of this pape 


to summarize the evidence bearing on the nature of hardened steel 
and to present the views of the authors regarding the causes o! 
hardness in the light of all evidence available up to date. As a 
preliminary to the discussion of steel, there will be given a brief 
statement of the general theory of hardness. 


DEFINITION OF HARDNESS 


The general terms “hardness” and “strength” connote a num 
ber of more specific physical properties. The most definite of these 
is the proportional limit or, what is practically the same thing, th 
elastic limit. ‘he common measure of the strength of a materia! 
is its “tensile strength,” or the maximum intensity of tensile str 
endured before rupture, calculated on the original cross-section 
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rea of the test-piece. This is obviously a more complex property 
han the elastic limit. Hardness may mean resistance to indentation, 
as measured by the Brinell test, resilience, as measured by the 


Shore scleroscope, scratch hardness, cutting hardness, resistance 







to machining, or some other special kind of hardness. All of these 
properties may be embraced in the general definition:  //ardness 


resistance to permanent deformation. 











FUNDAMENTAL CAUSE OF FHILARDNESS 








Metals owe their resistance to deformation to the forces 
between the atoms. These forces are both attractive and repul 
sive. Repulsive forces are manifested by the resistance of metals 
to hydrostatic pressure by which the atoms are forced closer 
together in all directions. Under ordinary compression loading, the 
atoms are forced together in the direction of the compression but 
apart in the direction of the secondary tensile stresses. Under 


direct tension the distances between atoms are increased in the 







direction of the load and decreased at right angles, that is in the 
direction of the secondary compressive stresses. ‘There is no condi- 
tion of loading corresponding to a negative hydrostatic pressure, 


under which the interatomic distances would be increased in all 
















directions. 

\ny permanent deformation of a metal involves changes in 
the relative positions of some of the atoms, and, therefore, the 
breaking, temporarily at least, of some interatomic “bonds.” The 
rupture of any material, whether with or without permanent de 
formation, also involves the breaking of interatomic bonds. The 
greatest possible resistance that a material can offer to deforma 
tion or rupture is the summation of all the interatomic bonds on 
a plane through the specimen normal to the stress, a summation 
which may for convenience be termed the “absolute cohesion” of 
the material. Actually such a summation of forces is never real 
ized, because rupture always takes place by degrees, and the break 
ing of atomic bonds is not simultaneous. The tensile strength of a 
iaterial merely represents the maximum number of atomic bonds 


1 
tl 


it come into play simultaneously during the test. 






GREAT INHERENT COHESION OF METALS 








Absolute cohesions of metals are far in excess of the values 
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obtained for tensile strength. A qualitative illustration of 


fact may be found in a consideration of some properties of pr 
iron. The tensile strength, after hot-rolling, is about 40,0 
pounds per square inch, a value representing as usual the ma 
mum load divided by original cross-section. If the actual redu 
area of the test-piece is measured throughout the progress of 
test and the stress computed on this basis, a value will be fou 
for the maximum stress which is much higher than the tensil 
strength. The maximum stress will then be about 80,000 pow 
per square inch. Severely cold-worked iron may show a tensti 
strength of 150,000 pounds per square inch. The maximum 
tual stress is again somewhat higher (165,000), but not in so larg 
a ratio as in the case of the hot-rolled iron. Even in the co! 
worked iron, rupture still takes place by degrees—that is, by 
kind of tearing action—so that the highest of these figures. still 
does not represent the inherent absolute cohesion. 

Some very interesting tests of glass have been reported 
Griffith’. In ordinary fibers of 0.040-inch diameter the material 
had a tensile strength of about 25,000 pounds per square in 
The tensile strength was found to increase as the diametet 
the fibers decreased, and in very fine fibers, carefully prepared. 
surprisingly high values were obtained. The maximum strengt 
recorded was 498,000 pounds per square inch at a diamete: 
0.00016 inch. Plotting the’ reciprocal of the tensile streng 
against the diameter of the fiber and extrapolating to zero dia 
eter, Griffith found a value of 1,600,000 pounds per square 
representing the theoretical “absolute cohesion” of the glass. 

Calculations based on the energy required to separate tli 
atoms of metals by vaporization give values up to about 5,000,000 
pounds per square inch for the “intrinsic pressure,” a quanti 
which is theoretically of the same order of magnitude as the ab 
solute cohesion. 

The accuracy of Griffith's extrapolation and of values 
cohesion derived from the heat of vaporization may be questioned 
The actual numerical values reached are of little significance. | hi 
important thing is that metals possess very great inherent « 
hesion, greater probably than is ever realized in -tensile tests 


1. The Phenomena of Rupture and Flow in Solids. A. A. Griffith, Philosophica 
actions, Series A, Vol. 221, pp. 163-198, 
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the pure metals or their strongest alloys. Looked at from this 
point of view, the problem of the hardening and _ strengthening 
f metals by various means becomes more simple. Instead of 


nquiring why metals are so strong, we may better ask why metals 





ire SO weak. 








HARDENING DUE To Stipe INTERFERENCE 








Metals are crystalline and are built up of atoms arranged in 
definite and repeating patterns. The regularity of atomic arrange- 



















ment gives rise to certain planes of weakness, or low resistance 
to shearing stress. When an external load produces a shearing 
stress on such a plane which exceeds the resistance of the crystal 
to shear on that particular plane, fracture of the crystal takes 
place. The fragments formed may or may not adhere to each oth- 
er. If they do not, the failure of the crystal is complete, and it is 
said to be brittle. The plane of weakness is then known as a 
cleavage plane. More generally, in the useful metals, the crystal 
fragments adhere and merely glide or “slip” over each other. The 
result of such slip, repeated on many planes, is a measurable per- 
manent deformation, the crystal is ductile, and the planes of weak- 
ness are called “slip planes.” 

The first appreciable formation of slip planes marks the be 
ginning of plastic deformation and therefore the passing of the 
elastic limit. The resistance to permanent deformation, which is 

general measure of hardness and strength, represents resistance 
to the beginning and propagation of slip. Anything that serves 
to hinder slip is a source of strength and hardness. The hardening 
ind strengthening of metals by any of the known methods may 
he considered as due principally to interference with slip. 











HARDENING EFFECT OF GRAIN REFINEMENT 





In an aggregate of many grains of different orientation, there 
cannot be any continuous plane of weakness. The application of 
a load cannot produce any slip planes extending entirely across 
the section, as in the case of a single grain. When slip takes 
place in any one grain it cannot continue without chanze of di- 
rection into adjacent grains because, except in very rare instances, 
the potential slip planes of adjacent grains do not register. The: 





TRANSACTIONS OF 
268 AMERICAN SOCIETY FOR STEEL TREATING | Septem| 


permanent deformation of the metal is thus resisted at the gra 
boundaries by the disregistry of the planes of low cohesion, an 
especially in fine-grained metals, by the specific hardness of t! 
amorphous cement, which hardness itself is due to the absence 
planes of weakness. The result is an increase in elastic lim 
hardness, and strength. 


HARDENING BY Corp WoRKING 


The permanent deformation of a metal by cold-work involves 
the breaking of the grains into fragments along intersecting sys 


tems of slip planes, and movement of these fragments with respect 


to each other. In the first stages of deformation the crystalline 
fragments within any one grain undoubtedly retain considerable 
uniformity of orientation. As the deformation proceeds, there 
must be some rotational movement of the fragments, this being 
especially true near the old grain boundaries. Insofar as ney 
orientations are created, the effect is equivalent to grain refinement 
It is probable that even after severe cold-working there is still 
general uniformity of orientation in the fragments of any par 
ticular grain. The slip interference at the surfaces between such 
fragments of somewhat similar orientation is, therefore, more on 
the order of the interference at twinning planes than of the inter 
ference at grain boundaries. Additional interference is offered 
by such amorphous metal layers as may be formed at the slip 
planes. 


7. 
NATURE OF SOLID SOLUTIONS 


It is a general rule that metals are hardened and strengthened 
by the addition of elements which dissolve in them to form solid 
solutions. Our knowledge of the structure of solid solutions 1s 
quite limited, but from the results so far obtained it seems that 
the atoms of the solute replace those of the solvent without sub 
stantial change in the space lattice of the latter, up to the limi 
of the first or “Alpha” solution in case of limited solubility, or 
the first of a series of solid solutions. This conclusion is based 
upon studies of alloy series in which the components have similai 
atomic volumes, and somewhat different conditions may obtain: when 
this criterion is violated. There is good reason to believe, however, 
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that in all cases solid solutions are characterized by the atomic dis 


persion of their components. 


CONDITION OF COMPOUNDS IN SOLUTION 


When an intermetallic compound forms and dissolves in one 
of the component metals, it is commonly considered to go into 
solution ‘fas such.” For example, austenite has been generally 
held to be a solution in “Gamma” iron of iron carbide rather than 
of elementary carbon. This implies that distinct molecules of iron 
carbide are dispersed in the Gamma iron. 

From the evidence available, and particularly from a consid- 
eration of the phenomena of diffusion, the authors have reached 
the conclusion that this is not the case, but that the carbon in 
austenite is present as individual atoms of carbon. These atoms 
are undoubtedly held strongly to the neighboring iron atoms, but 
the union is not permanent. Diffusion must consist in a migration 
of carbon atoms and not of groups or “molecules” containing sev- 
eral iron atoms. Such groups could not, on account of their size, 
diffuse through solid iron. 

According to this view cementite has no existence except as 
a crystalline substance, which is not merely precipitated but formed 
on the decomposition of austenite. 


HARDNESS OF SOLID SOLUTIONS 


The increased hardness and strength of solid solutions are 
traceable directly to increased interatomic forces, the attraction be- 
tween unlike atoms being in general greater than between like 
atoms. We may conceive an additional mechanical factor in the 
form of a roughening of the slip planes due to the presence of 
atoms of unlike size, or, as Bridgman puts it, a staggered arrange- 
ment of the atoms. The hardening and strengthening effects of 
yrain refinement and cold-working apply to solid solutions as well 
as to pure metals, and are superimposed upon the hardening effect 
of the solute. 


METALLIC COMPOUNDS 


The structural constituents in alloys which possess the great 
est specific hardness and strength are the intermetallic compounds 
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and nonmetallic compounds such as oxides. In general, t 
compounds are of a low order of symmetry, which, together 


the large interatomic forces involved, accounts for their o 


hardness. The atoms are probably arranged in such a way 


ities, st~an lt Sei’... eee eee 


those of one element are not interchangeable with those of ano: 
element. This would account for their lack of plasticity. 

One of the most important considerations in the loading of any 
brittle material is eccentrically distributed stress. A ductile 
terial subjected to eccentric loading quickly adjusts itself by 
manent deformation at any points where the stress exceeds 
elastic limit, with comparatively little damage. This is not possi 
in a brittle substance, and if the stress at any point in a pi 
subjected to load exceeds the elastic limit. rupture results. 
is obviously easier to avoid local overstressing in small pieces t! 
in large pieces. This accounts for the fact that many materi 
which are commonly thought of as very fragile, show remarka 
high strength when tested in small sections. Vitreous silica, f 
example, is quite easily broken when in fairly large pieces, 
though it shows a tensile strength as high as 160,000 pounds pe 
square inch in the form of fibers. 

This point is important in the present discussion in connectio: 
with intermetallic compounds. These substances are as a rul 
hard and brittle, and are too commonly considered to be we: 
Their true strength when properly protected against eccentric loa 
ing by their small size and by imbedding in a ductile matri: 
undoubtedly very high. We may safely assume that cementi' 
for example, has a strength of several hundred thousand pound 
per square inch. 


THE OBSTRUCTION PRINCIPLE 


It has long been recognized that the presence of a hard 
strong constituent in an alloy may strengthen it by opposing 
“flow,” or slip, or the weaker constituent. Just as slip is oppos 
at the grain boundaries of a pure metal by the change in orie: 
tion, it may be opposed to a still greater extent if the material 
the grain boundary possesses in addition to its different orientati 
a specifically greater hardness. The most familiar example of 
is the reinforcing effect of the pearlite constituent in hypoeutect 
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els. While pearlite is not a single constituent, it may well be 
agined to have an effect like that exerted by hypothetical similat 
rains of a strong solid solution. The structurally free ferrite 

the continuous phase, in which the pearlite is scattered as dis- 
‘nnected islands. If the free ferrite were a structureless amor 
hous substance, the pearlite could produce only a mild strength 
ening effect, by a sort of frictional resistance to flow, but the 
errite is crystalline and yields only by slipping on its crystallo- 
vraphic planes of weakness, and such slip is opposed by the 
rigidity of the p -arlite. 

This mechanism of hardening, which has been described as 
the “obstruction principle,”* refers particularly to reinforcement 
ff a continuous ductile matrix by grains of a stronger constitu 
ent which are similar in size to the grains of the matrix. The 


grains of the matrix are strengthened by external support. 


HARDENING BY PARTICLES WITHIN GRAINS 


Metals can be hardened to a still greater degree by a hard 
substance in the form of small particles dispersed within the 
grains. A familiar example of this hardening action is found in 
granular pearlite. A steel containing 0.90 per cent carbon in the 
form of small round particles of cementite having an average 
diameter on the order of 0.0001 inch has a Brinell hardness of 
about 170 as compared with a hardness of about 80 for the ferrite 
matrix when free from carbon. 

The ability of disconnected particles of a hard substance to 
harden a matrix is dependent on the crystalline structure of that 
matrix. The ferrite matrix in the steel just mentioned is soft 
because of the presence of many planes of weakness. The ce- 
mentite particles scattered through this matrix harden it by in 
tertering with slip along these planes. The particles may be con 
idered to act as keys mechanically obstructing any motion along 
he planes of weakness. The result is increased elastic limit, 

irdness and strength. 

The hardening effect of a given amount of hard material 

us dispersed within the grains of a ductile crystalline matrix is 





The Metallography of Steel and Cast Iron. Henry M. Howe 
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very largely dependent on the size of the particles. Troostite c 
sists of particles of cementite of submicroscopic size dispersed 
ferrite. A steel containing 0.90 per cent carbon in the troosti 


condition has a Brinell hardness around 400 or 500. 


This great 
increased hardness as compared to granular pearlite is due partl 


to the much smaller size of the cementite particles and partly 
the smaller size of the grains of the ferrite matrix. 

The effect of particle size is masked in the case of steel 
accompanying changes in the grain size of the 


by 
matrix. The 
principles are shown more clearly in certain aluminum. alloys 
in which the size of the hard dispersed particles can be varied 
through a wide range without any change in the grain size of 
the matrix. From a study of these alloys it appears that the 
hardness increases as the particle stze decreases but that a particl 
size is finally reached which produces maximum _hardness 
Smaller particles have somewhat less hardening effect. 

The average size of particle which produces maximum hard 
ness has been referred to as the critical size and the hard su) 
stance is said to be in a condition of critical dispersion. 


(GRAIN REFINEMENT IN IRON AT A3 POINT 


\When pure iron is heated above 900 degrees Cent. (1052 
degrees Fahr.)° so as to cause the A3 allotropic change to take 
place, there occurs a complete change in its crystalline structure 
The body-centered cubic lattice of the Alpha iron changes to the 
face-centered cubic lattice of Gamma iron. 
tion of volume on the order of 


There is a contrac 
1.5 per cent when Alpha iron 
The grains of Gamma iron form from 
many centers or nuclei which are usually at the grain boundaries 
of the Alpha iron. 


changes to Gamma iron. 


The grain boundaries of the Gamma iron do 
not coincide with old grain boundaries of the Alpha iron. I[n 
other words, the transformation of Alpha to Gamma iron not 
only represents a change in space lattice, but also the entire dis 
appearance of the Alpha grains and the birth of new Gamma tron 
grains whose size and shape are determined by the ordinary cot 
ditions affecting grain growth. The A3 transformation point is in a 
temperature range of grain growth for both Alpha and Gamma 
iron. 
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When Gamma iron is cooled through the A3 point so as to 
xm Alpha iron an entirely new set of Alpha iron grains is 
formed. The formation of Alpha iron involves an expansion 
(about 1.5 per cent in volume) of the same magnitude as the 
contraction when Alpha changes to Gamma iron. The new Alpha 
crains begin to form at the grain boundaries of the Gamma iron. 
(he size and shape of the new Alpha grains will depend largely 
on the conditions obtaining during and after the transformation. 
Slow cooling allows time for growth of the Alpha grains and 
favors the formation of relatively few nuclei. Rapid cooling, as 
for example water quenching from above A3, promotes the forma 
tion of more nuclei and retards grain growth after the transforma 
tion is complete.” 






















PurE [ron Not HARDENED By QUENCHING 


Samples of Armco iron containing about 0.02 per cent carbon 
showed about seven (7) times as many grains per unit volume 
when quenched from 1300 degrees Cent. (2372 degrees Fahr.) 
as when furnace cooled from the same temperature. This reduc 
tion in grain size is slight and the change in properties between 
quenched and furnace-cooled Armco iron is correspondingly small, 
lt does not seem possible to greatly affect the grain size of pure 
iron by rapid cooling through the A3 transformation point. Pure 
iron has been referred to, therefore, as incapable of being hardened 
by quenching from above the so-called upper critical temperature, 
which is the A3 point. It is probable that the lowering of the 
transformation temperature of Gamma iron to Alpha iron at Ar 
by rapid cooling is very slight. “The heat evolved and the relatively 
high temperature of the transformation, coupled with the low 
thermal conductivity of iron, seems to allow pure iron during 
quenching sufficient time in which to form relatively large grains 
of Alpha iron. 





HARDENING OF IRON-NICKEL ALLOYS By QUENCHING 
When pure nickel is added to pure iron the A3 transformation 

of the alloy is progressively lowered from about 900 degrees 

Cent. (1652 degrees Fahr.) to room temperature as the nickel 












Grain Size Inheritance in Iron and Carbon Steel. Zay Jeffries, Transactions 
\. I. M. E, 1918, Vol. 58, page 669. 
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content is increased from zero to about 25 per cent. On 
cooling from a high temperature, samples containing 85 pe: 
iron and 15 per cent nickel can be obtained at room temper 


in the Gamma or austenitic condition. If cooling takes pla 


such a rate as to allow the Gamma-Alpha change to occur, 
grain size of the transformed alloy becomes smaller as the 

perature of Ar, is lowered, because the low temperature of ti 
formation produces undercooling and hence favors the forma 
of many nuceli and defeats grain growth. 

There is very little information regarding the mecha 
properties of pure iron-nickel alloys having a nickel content 
to 25 per cent. Much work, however, has been done on 
nickel alloys containing small amounts of carbon. An 
nickel alloy containing 7.54 per cent nickel, 0.09 per cent cai 
and 0.04 per cent manganese, had its strength doubled by quen 
from a dull red heat. A steel of the same composition but wit! 
nickel shows very little change in physical properties after su 
quenching.*. Edwards concludes from a general review of 
work on iron-nickel alloys that the presence of carbon is 
necessary in order for hardening to take place on quenching. 

The hardness of these iron-nickel alloys in the fine-gran 
condition is partly accounted for by the nickel in solid solutio: 
the iron, but is due chiefly to the marked refinement of gra 
When nickel is added to iron, only the A3  transformatio 
affected and this may be lowered to any desired temperatur 
low 900 degrees Cent. (1650 degrees Fahr.) and with sufficient 
nickel the transformation does not take place at all. At the 
point in iron-nickel alloys there is only the Gamma to Alp! 
transformation to take place and if this takes place at a 
ciently low temperature the Alpha modification will be 


grained and consequently relatively hard and strong. 
THe ALLotrorpic TRANSFORMATION IN [RON-CARBON ALLOoys 


Likewise, when carbon is added to iron, the A3 transforma 
tion is lowered, but with more than about 0.05 per cent carbon 
the transformation is not a simple one as in the case of iron 
nickel alloys but is composite, yielding under equilibrium 


4. ‘Physico Chemical Properties of Steel. C. A. Edwards—Page 164. 
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two products, ferrite and cementite. It is very probable, as 
een pointed out, that the carbon in austenite exists in atomic 
ersion. When either (gamma or Alpha Iron becomes super 
rated with carbon the excess precipitates as Fe,C. Gamma 
is much more capable of holding carbon in solution than is 
iron, Line GS in Fig. 1 shows how the A3 transformation 


is lowered with increase in carbon content. Line ES, Fig. 1 
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Fig. 1 Equilibrium Diagram 






esents the temperature solubility relations of carbon in 

iron. The intersection of these two lines, S, is the eu 
id point and the relation between eutectic and eutectoid is 
known, 


leuTectic VERSUS I:UTECTOID 









\Ithough a eutectic and eutectoid are similar in many re 
ts, there are some important differences between the eutecti 
nsformation and the eutectoid transformation. These differ- 
es are so far reaching in their effects as to make steel susceptible 
marked improvement in hardness by heat treatment, whereas 
hanges of such magnitude can be brought about by treatment 
eutectics. In a liquid binary alloy of eutectic-composition the 
ins of both constituents are present in a thoroughly dispersed 
and the like atoms must get together during solidification. 


molten state is one of very great freedom of movement of 


is which makes it relatively easy for the like atoms to get 
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together. Both constituents of a binary eutectic must crysta 
from a noncrystalline liquid solution. The heat of crystalliza 
is relatively high and solidification cannot take place withou 
substantial halt due to the evolved heat of crystallization. Su 
halt favors the segregation of the two constituents. Furtherm 
the temperature of formation of a eutectic is high, relatively, b: 
the highest temperature or nearly so, at which the mixtur 
capable of existing in the solid state. These conditions fay 
rapid separation of the unlike atoms and the segregation of 

atoms 


ALLoOTROPIC CHANGE EASIER THAN CARBIDE FORMATION 


In the iron-cementite eutectoid the ferrite is the product of 
transformation of atoms of iron from one crystalline form to an 
other, a weaker change than that of liquid to crystal; the chang 
involves less energy and is more easily retarded by rapid cooling 
The eutectoid, pearlite, can even be heated somewhat above its 


equilibrium transformation point without changing to austenite, a 


thing never observed in the change from the crystalline to the liquid 


state. The other product of the eutectoid transformation, cemen 
tite, (Fe.C), cannot form without diffusion of carbon through 
solid crystalline metal. The change of Gamma iron to Alpha iron 
involves only minor movements of the iron atoms. Formation of 
cementite from iron atoms and carbon atoms, the latter being as 
far apart as they can get in the Gamma iron space lattice, in 
volves diffusion of the carbon. This requires much more time than 
that required for the transformation of the iron from one space 
lattice to another. It is not surprising therefore, that the allo 
tropic transformation from Gamma iron to Alpha iron can be 
effected without allowing any substantial amount of cementite to 
form. Furthermore, it is not surprising that rapid cooling of high 
carbon austenite suppresses the allotrope transformation to 4 
temperature of 300 degrees Cenf. (572 degrees Fahr.) or less 


MARTENSITE 


When the allotropic transformation of the iron takes place on 
quenching a carbon steel without the simultaneous formation of 
the carbide, the carbon is very likely temporarily trapped in atomic 
dispersion in the transformed austenite. The product of this 
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enching in which the carbide formation is temporarily sup 


ressed is the constituent of steel called martensite. 


Martensite has a variable carbon content, being the same a 
it of the austenite from which it was formed at the moment of 
the allotropic transformation. Its properties vary with the cat 
content and with physical differences such as those due to 
different quenching temperatures or maximum temperature ot! 
treatment before quenching. Carbon steels containing — less 
than about 0.15 per cent carbon do not form hard martensite 
when quenched from above the upper critical temperature. Carbon 
steels containing about 0.2 per cent carbon form a medium hard, 
but ductile martensite when rapidly quenched from above the 


upper critical temperature. The hardness increases with the car 


ion content up to about 0.7 per cent carbon, above which there 
is littke change in hardness up to about 1.5 per cent carbon 
lhe lower the carbon content the more drastic must be the quench 
in order to produce martensite. [or example, the mildest quench 
which will produce 100 per cent martensite in a 0.9 per cent car 
bon steel, will produce free ferrite, martensite and troostite (01 
sorbite) in a 0.2 per cent carbon steel, and martensite and troostite 


in a U.S per cent carbon steel. 


MICROSTRUCTURE OF MARTENSITI 


Martensite, under the microscope, appears to be devoid of spe 
cie structure except a tendency toward the so-called “acicular” 
or needle-like markings, having the same angles as. the crystallo 
graphic planes of the mother austenite grains. The larger the 
austenite grains from which the martensite is formed, the more 
pronounced are these markings. The martensite of commerce 1 
usually produced by quenching fine-grained austenite and = con 
equently it does not possess the marked acicular structure usuall) 
considered as typical. Fig. 2 is a bearing steel containing high 
carbon, and some chromium and quenched from 1035 degrees 
Cent. (1900 degrees Fahr.) Coarse-grained austenite existed prior 
quenching and the markings are typical of acicular martensite 

conditions in this case were such that some austenite wa 


reserved by the quench. 
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RETENTION OF AUSTEN ITE 


The retention of austenite at ordinary temperature is fa 


by the presence of nickel, as mentioned above, by chromiu 
manganese and by high carbon. Austenite is not nearly as 
as martensite. Transformation of austenite to martensit 
therefore, accompanied by an increase in hardness. Sin 


id 


] 


»—-Martensite and Austenite in Bearing Steel. X 100 
1000 (H. O. Walp—S. K. F. Research Laboratory) 


face-centered cubic crystal lattice of austenite represents 
packing of the atoms than the body-centered lattice of Alpha 
or martensite, the transformation of austenite to martensite 
companied by an increase in volume. Those elements which 


present in considerable amounts are conducive to the retent! 


of austenite on quenching, are when present in small am 
conducive to the formation of martensite on quenching. 
elements can be substituted for part of the carbon in steel bi 
element has been found which’ can entirely replace carbon 11 
base alloys. The alloy steels form martensite on quenching 
readily than carbon steels. This difference is very apparei 
large sections of steel which form a much thicker hard laye 
on the surface with alloy steel than with carbon steel. 
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PEARLITE, SORBITE AND ‘TPROOSTITI 


rate of cooling any steel from the critical temperature is 
important factor in determining its structure and hence its 


ties. Let us consider the effect of various rates of cooling 


ner cent carbon steel from the austenitic state. There is only 


se, namely, Gamma iron in which 0.9 per cent carbon is dis 
(austenite). If cooled very slowly through the critical 


pearlite is formed in which the cementite tends toward 


lar particles large enough to be seen under the microscope at 
1( i 


) to 200 magnifications. With somewhat more rapid 


such as the air cooling of a piece of steel about 1 inch on 
the well known lamellar pearlite, as shown in Fig. 3, is 
The more rapid the cooling the smaller the cementite 

es become until a size of particle is reached which is no 
resolvable under the highest powered microscope. In ac 
with the etching characteristics of these mixtures of 
and fine particles of cementite, they are termed sorbite o1 
hese constituents in steel are not very well defined, 

ght be expected, because they do not represent phase differ 


but only changes in grain size of the same constituents. 





FORMATION OF MARTENSITI 








e temperature of transformation of the austenite becomes 
the more rapid the cooling rate. As the transformation 
ture becomes lower the ferrite grains become smaller and 
lentite particles become smaller. The lowering of the tem- 
re of the transformation, however, is not continuous as the 
of the cooling increases. When the cooling rate is proper 

r the transformation temperature to about 600 degrees Cent. 
degrees Fahr.) troostite, consisting of fine-grained ferrite 
all particles of cementite, forms. When the cooling rate 
rent to lower the transformation temperature substantially 
600 degrees Cent. there seems to be no change in the 
ite until a temperature in the neighborhood of 300 degrees 
C ) 


9/2 degrees Fahr.) is reached. At this temperature or 


lower temperature the allotropic transformation from 
iron to Alpha iron takes place without the formation of 


ite. The freshly formed product of such a quench is, there- 
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fore, different phasiaity from troostite, sorbite, or pearlite. T| 
seems to be very little difference in the quenching rate requi 
to produce martensite and troostite as evidenced by the simult 
eous occurrence of these two constituents in many quenched ste: 
The point to be emphasized in this connection is the discontin: 
in the lowering of the transformation temperature of austenit 
with progressively faster cooling rates. If the austenite can 
cooled fast enough to reach a temperature below about 600 degrees 
Cent. (1112 degrees Fahr.) without transformation, there see 
to be a considerable temperature range within which it is more 
stable than above about 600 degrees Cent. or below about 300 
grees Cent. 


(ie 


FORMATION OF CEMENTITE FROM MARTENSITE 


As mentioned above, no substantial diffusion of atoms 
necessary in the transformation of face-centered iron to the body- 
centered lattice. Since carbon is very much less soluble in Alpha 
than in Gamma iron, there is a strong force toward precipitation 01 
carbide as soon as the iron transformation has taken place. [i 
order for cementite to form, however, the carbon atoms must dif 
fuse. Carbon can diffuse slowly at room temperature in the iron 
lattice and does so, forming cementite. At higher temperatures 


the reaction takes place more rapidly. The result of the carbide 


precipitation under these conditions is decidedly different from 
that when the carbide forms at or above about 600 degrees Cent 
The cementite forms from more centers at the lower temperatures, 
and at some stage of the precipitation the particles must be of 
critical size to produce maximum hardness. 

Freshly formed martensite, therefore, is composed chiefly ot 
Alpha iron holding carbon atoms in atomic dispersion. Martensite 
which has stood at room temperature for a considerable time, or 
which has been subjected to elevated temperatures below those at 
which the martensite may be regarded as having transformed int 
troostite, consists of ferrite and innumerable small particles of 
cementite. The ferrite may or may not contain more than the 
equilibrium quantity of carbon in atomic dispersion, or true solu: 
tion. | 
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GRAIN SIzE OF MARTENSITE 


Because of the low temperature at which it is formed and the 
structing effect of the carbon in solution, the grain size of the 
\lpha iron of which martensite is composed is very small. 


CAUSES OF HARDNESS OF MARTENSITE 


After considering all of the evidence the authors have con- 
cluded that the hardness of martensite is due chiefly to the fineness 
of the ferrite grains. The presence of carbon atomically dispersed 
in this ferrite to form a forced solid solution also contributes to 
the hardness of the product but is a small factor as compared with 
the grain size. Crystalline cementite is very hard and strong and 
meets all of the requirements of a good “key” material. The 
formation of particles of cementite in martensite is, therefore, an 
additional source of hardne’s. At some stage in the formation 
and growth of the cementite particles their size is such as to pro- 
duce maximum hardening effect. It is not probable that all of 


the cementite particles reach critical size at the same time. 


GROWTH OF CEMENTITE PARTICLES 


After the cementite formation has progressed nearly to com- 
pletion, the larger particles grow by absorbing carbon in solution 
in the ferrite. The ferrite is supersaturated in carbon with re- 
spect to the larger particles and saturated with respect to smaller 


particles of cementite. The precipitation of the carbide on the 
larger particles produces a condition of undersaturation with re- 


spect to smaller particles which then are dissolved. The carbon 


atoms diffuse toward regions of low concentration which is toward 
the larger particles. Growth of cementite particles during temper- 
ing is thus favored by a long time and high temperature. The 
successive stages of troostite, sorbite and granular pearlite repre- 
sent in part progressive increase in size and decrease in number of 
the cementite particles. 


FERRITE GRAIN GROWTH 
As these changes in the carbide are progressing there must 
some changes in the ferrite. In the case of a steel containing | 


per cent carbon, the formation of cementite requires about 15 per 
cent of the iron. This iron must be supplied from the ferrite or 
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from any amorphous iron which may be present. Such a 
is toward a more perfect equilibrium in the ferrite which 
toward softening. It seems certain that the growth of the 
into larger particles at temperatures from 350 to 550 degrees 
(662 to 1022 degrees Fahr.) is an important factor in the d« 
of hardness. The effect of changes in the ferrite caused | 
tempering (below 300 degrees Cent.) is small, but even 


comes appreciable in the harder martensites. 


OpposInG NATURE OF FERRITE GRAIN GROWTH AND CE) 
PRECIPITATION 

The first stages of tempering martensite, therefore, invol 
opposing factors; the changes in the ferrite tend to produc 
ening, while the first precipitation of the cementite tends to h 
We might expect an increase or decrease in hardness accordi 
the rapidity and extent of these opposing changes. It does n 
pear that a hard steel will ever soften at ordinary temper: 
This indicates that there is no considerable growth of ferr 
room temperature even after many years, and the cementit 


ticles do not reach a supercritical size. Long exposure at 


100 degrees Cent. seems to produce slight softening in very 
martensite. 


SUMMARY 


The essential points in connection with the hardening 
hardness of steel are as follows: 

1. Steel owes its hardness fundamentally to the al 
cohesion of the iron atoms. 


2. Pure iron and soft steels are relatively soft and 


because of the presence of crystallographic planes of weakne: 
potential slip planes in the iron or ferrite grains. 
3.. The increased hardness and strength of pearlite as 
pared to pure iron are due largely to the increased resistance t 
in the ferrite grains offered by the hard intermetallic com] 
cementite. 

4. The increased hardness of sorbite and troostite as 
pared to pearlite is due to the refinement of the ferrite gran 


the greater dispersion of the cementite particles. 





THE HARDENING OF STEEL 283 


5. The increased hardness of martensite, as “compared to 
stite and sorbite is due to a still greater refinement of the fer- 
grains and in cases of maximum hardness to the critical dis- 
sion of the cementite particles. Carbon in solution or in atomic 

ispersion in the ferrite makes the ferrite of martensite somewhat 
irder than the ferrite of pure iron. 

6. The more rapid the cooling of austenite the lower will be 
the temperature of its transformation into ferrite and cementite. 
\When the transformation takes place at or above a temperature 
§ about 600 degrees Cent. (1112 degrees Fahr.) both ferrite and 
cementite form, yielding pearlite, sorbite or troostite. If the aus- 
tenite is preserved at a temperature less than about 600 degrees 
Cent. it seems to be relatively stable until a temperature of about 
300 degrees Cent. is reached on cooling. 

7. When the austenite transformation is suppressed to about 
300 degrees Cent. or lower, the allotropic transformation of the iron 
takes place independently of the carbide formation. Freshly formed 
martensite, therefore, consists essentially of Alpha iron in which 
the carbon is substantially atomically dispersed. Freshly formed 
martensite is apparently not quite as hard as martensite which has 
stood at room temperature for several days or has been given a 
mild tempering treatment. 

8. Carbon is very much less soluble in Alpha iron than in 
Gamma iron. The Alpha iron of freshly formed martensite contains 
the carbon atoms in atomic dispersion. The Alpha iron of fresh- 

formed martensite is, therefore, supersaturated with respect to 
carbon, Equilibrium is brought about only by the precipitation of 
he carbon jn the form of cementite. 

9. Carbon diffuses slowly in Alpha iron at room temperature 
and diffuses more rapidly as the temperature is increased. The 
‘arbide, therefore, precipitates slowly at room temperature and more 
rapidly with rising temperature. 

10. It is postulated that freshly formed martensite is hard 
chiefly because of the fineness of the ferrite grains but partially 
because the ferrite containing carbon is harder than pure ferrite. 


ll. It is postulated that the increase in hardness of freshly 
quenched martensite on standing at room temperature or after mild 
empering is due to the precipitation of cementite, the hard ce- 

tite particles “keying’’ the slip planes of ferrite grains. 





TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING  Septen 


12. Heating tends to soften the martensite because it tends 
produce growth of the ferrite grains. 

13. Heating produces changes in the carbide which tend 
harden the steel until critical dispersion of the carbide particles 
obtains, and further heating tends to soften. 

14. Growth of the carbide particles is considered to take 
place as the result of a slight solubility of carbon in Alpha iron, 
which is greater the smaller the size of the cementite particles 
with which the solution is in contact. There is a tendency for the 
carbon concentration in the ferrite to be equalized by diffusion. 


With equal carbon concentration in the ferrite, carbon will pre 


cipitate on the large particles causing a flow of carbon atoms to- 
ward the large particles, thus making the Alpha iron undersaturated 
with respect to small particles of carbide. The small particles 
are then dissolved with the result that the change is toward fewer 
and larger particles of carbide. 

15. The mechanism of particle growth is such that the matrix, 
Alpha iron, should approximately reach its equilibrium content of 
carbon before the laws of particle growth would begin to apply. 
This suggests the nearly complete precipitation of the carbide at 
an early stage of tempering 

16. Sometimes the composition of the steel is such that rapid 
quenching preserves austenite at room temperature, whereas moder- 
ate rates of cooling do not preserve austenite. The transformation 
of such austenite to martensite or to another product of transfor- 
mation on ageing or tempering results in an increase in hardness. 
An increase in the hardness of a steel due to this cause is accom 
panied by an increase in volume. 





The conception of the hardening of steel presented above will 
be more fully discussed in the following, and further evidence 
will be given supporting certain of the conclusions reached. 


HicH ABSOLUTE COHESION OF IRON ATOMS 


That there is high cohesion between iron atoms is apparent 
from the hardness and strength of cold-worked iron, and from 
the energy required to separate iron atoms from one another }) 
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evaporation. [ron cannot, however, by cold working be made to 
develop the maximum hardness or strength which it inherently 
nossesses. The extreme condition of cold working occurs in fine 
wire drawing. Iron drawn to the finest sizes shows a strengtl 
of about four times that of annealed iron. The fracture always 
shows marked reduction of area. This indicates movements of 
onsiderable extent on slip planes during fracture, and when such 


slip occurs the absolute cohesion of the atoms is not developed. 


In carbon steels heat treatment is more effective than cold 
work in developing slip interference. A steel containing some 
what over 0.4 per cent carbon can be hardened and strengthened 
to a marked degree by quenching. Such a steel has one carbon 
atom to 50 iron atoms. All of the structural evidence indicates 
that in such a quenched steel the iron atoms are continuous and 
the carbon atoms are discontinuous. If the iron atoms are con- 
tinuous, as seems practically certain, then short paths of rupture 
are numerous in all directions, which would involve only the separa 
tion of iron atoms. If, therefore, the absolute cohesion of the 
iron were not high it would not be possible to make steel so hard 
and strong. Alloying and heat treatment combine to make steel hard 
chiefly by making more effective the cohesion bonds between the 


iron atoms. Pure iron 1S soft because of the ease of slip on 










slip planes, and the hardening is due to interference with slip. We 
have now to consider the specific ways in which slip is interfered 
with. 


HARDNESS OF 





(GRANULAR PEARLITE, SORBITE, AND TROOSTITE 










These constituents represent different degrees of refinement 
of the ferrite grains and cementite particles, which are coarsest 
in pearlite and finest in troostite. Pearlite may be more than 
twice as hard as pure iron and troostite may be three times as 
hard as pearlite. The slip interference in these constituents is 
due mostly to the keying action of the> cementite and to the re- 
fnement of the ferrite grains. 


There is good agreement as to the nature of pearlite, sorbite 
and troostite. 
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THe NATURE OF MARTENSITE 


Although definite ideas have been given regarding the nat 
of martensite, there has been much contention for 35 years 


this point. It is considered desirable, therefore, to carefully 


view the evidence for the views given earlier in this paper. 

The reasons for believing that the carbon atoms are in ato: 
dispersion in austenite have been given. According to this \ 
the only existence of the compound cementite is as a crystal] 
substance. Crystalline Fe,C is formed directly from iron 
carbon atoms and not from molecules of FesC. It is conside: 
by the authors that there is no molecule containing only three ato: 
of iron and one of carbon. If the carbon is in atomic disper: 
in austenite, then it will remain in atomic dispersion in trans 
formed austenite (martensite) until cementite forms. 

There is considerable evidence that in the transformation 
austenite into martensite the allotropic transformation of the iro: 
takes place and that it takes place before and independently 
the cementite formation. This evidence is of a varied nature in 
volving volume changes, changes in magnetic properties, thermal 
changes, etching characteristics, and X-ray crystal analysis. 


VOLUME CHANGES 


It is well known that the transformation of Gamma to Alpha 
iron takes place with increase in volume. Andrew, Rippon, Mille: 
and Wragg’® have shown that the formation of cementite from aus 
tenite causes a contraction. When the steel contains about 1.0 pet 
cent carbon this contraction is sufficient to counteract the expansion 
due to the allotropic transformation of the iron; a 1.0 per cent cai 
bon steel slowly cooled from the austenitic condition will, therefore, 
undergo no appreciable volume change other than that due to its 
normal temperature coefficient. When such a steel is quenched » 
as to form martensite, however, there is an increase in volume con 
parable to that accompanying the allotropic change. The expai 
sion has been shown by Chapin® to take place at a low tempera 
ture. below 300 degrees Cent. and to occur simultaneously with th 


> 


5. The Effect of Initial Temperature upon the Physical Properties of Steel, Jour 
Iron and Steel Institute, 1920, No. 1, p. 527. 


6. Transactions of American Society for Steel Treating, March, 1922, pp. 507-14 
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arance of magnetism and the development of marked hard 


srush* found that freshly quenched steel contracts in volume 
at ordinary temperatures. It is well known that tempering 
es a decrease in volume. Standing at room temperature seems, 
efore, to produce changes corresponding to mild tempering. 
\Vhen austenite is preserved at ordinary temperatures and is 
ed to change to martensite, there is a volume increase com 


ible to that due to the allotropic change. 


MAGNETIC PROPERTIES 


lt is well known that austenite is nonmagnetic unless the pro 
tion of mickel or colbalt is substantial. These elements are 
enetic when crystallized with ‘face-centered cubic lattices, and 
hold considerable iron without losing their magnetic properties 
transformation of nonmagnetic austenite into martensite is 
ompanied by a sharp increase in magnetic susceptibility. Mar 


> 


site is always quite magnetic, its susceptibility approaching that 


\ 1 


Ipha iron. 
Ilonda* has observed a magnetic transformation point in ce 
tite at about 215 degrees Cent. (420 degrees Kahr.) which he 
\o, Magnetic analysis is capable of detecting cementite in 
teel containing as little as 0.1 per cent carbon. Freshly quenched 
utectoid martensite shows only a suggestion of the Ao point on 
eating, but once the steel has been heated to 300 degrees Cent 
above for a short time, the point is pronounced, indicating the 
presence of crystalline cementite. The effect of particle size on the 
ignetic properties of cementite is not known, so from the mag 
etic evidence alone it is not safe to draw definite conclusions as to 


its absence. 


‘THERMAL CHANGES 


Portevin and Garvin" have studied the quenching of steel by 
ius of cooling curves. They report that martensite forms at 


below about 300 degrees Cent. on quenching. When the trans 


Thermal Relations in the Treatment of Steel, Transactions Pyromet! 
1920, p. 590. 

On Magnetic Analysis as a Means of Studying the Structure 

Steel Institute, Vol. 98, No. 2, 3918, p. 375. 

Journal of Tron and Steel Institute, No. 1, 1919, p. 469 
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formation takes place at these low temperatures not all o 
heat of the A3-2-1 transformation is evolved. This point ha 

studied quantitatively by Honda'® and Yamada'' who find | 
considerable portion of the heat is quickly evolved on reheatin, 
quenched steel to a temperature slightly below 400 degrees 

(752 degrees Fahr.) The amount of heat evolved on rehe:; ing 
was found to be proportional to the carbon content of the stee| 


nt 


In certain steels it was equivalent to about one-third of the ly 
evolved at A3-2-1 on slow cooling. 


‘al 


It has long been known that heat was evolved on tempering 
martensite. C. F. Brush, however, observed the same phenomeno: 
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Fig. 4a—Curve Showing Spontaneous Generation of Heat i Recently Ha 
Steel (Brush). 


at ordinary temperature. He constructed a very sensitive calor 
meter into which he put quenched steel within an hour after quench 
ing. The evolution of heat from the steel was sufficient to in 
crease its temperature more than 2 degrees Cent. The heat evolu 
tion seemed to be most rapid at first and to gradually lessen. [he 
evolution of heat was sufficient to be detected, however, after 35 
days. Brush’s graphs showing the spontaneous generation of heat 
and spontaneous contraction of recently harderied steel are shown 
in Fig. 4a and 4b. The contraction and the heat evolution, at room 
temperature and on tempering, are attributed by the present authors 
to the formation of cementite. 


10. Chemical and Metallurgical Engineering, Nov. 30, 1921, pp. 1001-3 
11. Science Reports of the Tohoku Imperial University, Vol. 10, p. 453. 





THE HARDENING OF STEE!I 


ETCHING CHARACTERISTICS 

There is a marked difference between the etching character 
ties of martensite and troostite and between martensite and aus 
tenite. Martensite is more resistant to acid attack than troostite 
but less resistant than austenite. From experience with various 
alloys it seems that the following generality can be made. When a 
second phase crystallizes from a solid solution the corrosive at 
tack becomes only .slightly more pronounced if the particle size 
of the new phase is very small, say smaller than critical size for 
maximum hardness. When the particle size becomes supercritical 
the corrosive attack becomes more rapid. 

The behavior of martensite is in keeping with these views. 
(he cementite in untempered or mildly tempered martensite is 


Linear Shrinkage x 100 


Length ot Rod Atte Hardening 
After Spontaneous Shrinking 
After Tempering to Light Straw 
After Tempering to Light Blue 
After Annealing 


Per Cent 
Length of rod after hardening. ; ; 100.383 
\fter spontaneous shrinking. 100.332 
After tempering to light straw 100.182 
\fter tempering to hight blue. . 


100.131 
\fter annealing F 100.000 
Fig th—Shrinkage of $§ Bar Due to Heat Treatment (Brush) 


present as very small particles. In troostite the cementite particles 
are supercritical in size and the etching or corrosive attack is more 
pronounced, 


X-RAY CRYSTAL ANALYSIS 


[he X-ray gives a positive answer on the matter of allotropic 


changes on quenching. When austenite is preserved at ordinary 
temperatures the X-ray shows that the crystal lattice is face-center 


ed cubic or that of Gamma iron. When martensite is formed the 


crystal lattice is body-centered cubic or that of Alpha iron.'’? Beta 
iron has the same crystal lattice as Alpha iron. Since we regard 


a change in crystalline structure as essential in a true allotropic 
change we shall treat the so-called Beta iron as Alpha. There is 
certainly no justification for assuming a Beta iron of such hard 


Westgren—Roentgen Spectrographic Investigations of Iron and Steel, Journal of 
ind Steel Institute, 1921, Vol. 103, p. 303 
Bain—Studies of Crystal Structure with X-Rays 
), Oct. 5, 1921, p. 663. 
effries & Archer—Crvstalline Structure of Metals 
May 4, 1991, p. 771. 


Chemical and Metallurgical Engi- 
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ness that its supposed retention by quenching accounts fo: 
hardness of martensite. 

When austenite is preserved at ordinary temperatures a 
later transformed into martensite, the change in crystal lattic: 
curs simultaneously with increase in hardness, volume, and ma; 
i¢ susceptibility. The X-ray thus has given a definite and _ fina! 
swer as to the nature of the iron in martensite. It is the ord 


Alpha iron, usually regarded as soft and weak. 


The X-ray so far has not given any evidence as to the « 
ence or nonexistence of cementite in freshly formed marte: 
The authors believe, however, that the evidence given abo 
quite conclusive on this point. 

lt should be mentioned that martensite can be formed 
rapidly cooling a_ steel from above the critical temperatur 
about 200 degrees Cent. Chapin formed martensite in this 
ner. Obviously cementite will form more rapidly at 200 degre 
Cent. than at room temperature. Within a few minutes afte: 
martensite is formed there should be as much cementite forme 
as after several weeks at room temperature. That this is 
case is indicated by the fact that the volume increase is slight! 
smaller when martensite is formed at 200 degrees Cent. than 


the steel is cooled quickly to room temperature. 


HARDNESS CHANGES ON TEMPERING 


Too little is known regarding the exact sequence of hardi 
changes on tempering quenched carbon steels. The most ma 
effect is one of softening, and the opinion is fairly general 
softening is progressive throughout the whole range of temper 
temperatures. It is certain that the tempering of hardened 
steel at temperatures above 200 degrees Cent. reduces its cutting 
hardness and probably also its Brinell hardness. The Shor 
scleroscope hardness of tool steel seems to be less affected 
tempering at low temperatures. It is likewise quite certain 
steels of medium carbon content which have been hardened 
softened by tempering at temperatures above 350 degrees Ce! 
as proved by thousands of tests on hardness and tensile strengt! 
The hardness of low-carbon steels is known to be not gr 
changed by tempering, and the changes brought about by tem 
ing above 500 degrees Cent. are certainly in the direction of » t 





THE HARDENING OF STEEI 291 


Steels of the various carbon contents are seldom tempered 
ercially at temperatures below those which produce easily 
urable softening. There is, therefore, a lack of results of 
ercial practice in the tempering of hardened steels at very 
temperatures. 

is stated by Heyn and again by Boynton that tempering, 


n its early stages, gradually reduces the hardness of mar 


700 


100 200 30 400 500 GOO 700 800 90 
Tempering Temperature, Deg. C 


Effect of Tempering on the Hardness of Hardened Steel 
(Grard) 


lensite. Heyn’s conclusions are drawn from scratch hardness 
tests on high-carbon steel. 


\mong the few published contributions on this subject is a 
paper by C. Grard in which it is reported that the first effect of 


tempering is to increase the hardness. His results are plotted in 
Mig. 5. They are described as typical of the steels of the classes 
named. No analyses are given. 
While Grard’s curves are opposed to general opinion, it is 
believed that they merit serious consideration as representing per- 
an overlooked phenomenon in the tempering of steel. He 


rs to have made a particular point of the accuracy of his 
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hardness determinations. These were also confirmed, in th: 
of the soft and semihard steels, by tensile strength results 
parallel the hardness results closely; hard steels were too 


for satisfactory tensile tests after low tempering temperaturé 


is to be noted that the maximum hardness attained on temy 


occurs at a lower temperature the higher the initial harc 
Marked softening also begins at lower temperatures the high 
initial hardness. 

Honda and Ide1'’ have made extensive studies of the hai 
of recently quenched carbon steels. Their general conclu 
with reference to the distribution of hardness with various 
of cooling are given in their own words as follows: 

“In small pieces of steel, such as a square or a short cylinde: 
the periphery is harder than the central portion only when 
quenching is very soft. In a moderate quenching the hardn 
everywhere nearly equal; but in a hard (drastic) quenching tlh 
periphery is always softer than the interior. This anomalou: 
phenomenon is explained by the presence of the arrested austenite. 

These authors give as the chief evidence of the retention of 
austenite in the hard quenchings, the increase in hardness of hard 
quenched steels with considerable lapse of time at ordinary ten 
peratures and more quickly at 100 degrees Cent. They stat 
“According to the above view, in a hard quenched steel, some aus 
tenite remains untransformed at room temperature, at which this aus 
tenite will slowly transform into martensite. On the other hand 
at room temperature, martensite has a tendency further to 
transformed into troostite, but the velocity of this chang 
much smaller than that of the austenite—martensite change just 
referred to. The consequence is that at room temperature a hard 
quenched specimen will slowly increase in hardness with laps 
of time. To test this inference, the hardness of a quenched 
specimen was measured from time to time, as in the usual wa) 
and its mean value plotted against the time passed after the 
quenching. Fig. 6 is a graphical representation of the result ot 
our experiments, which agree completely with our expectation 
The hardness increases at first rapidly and then slowly, tending 
to an asymptotic value as the time elapses. 


13. On the Distribution of Hardness in Quenched Carbon Steels and Quenchi 
Science Reports of the Tohoku Imperial Lniversityvy, Vol 9, No. 6, 1920 
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the quenched specimen is constantly heated at 100. de 


Cent. instead of letting it remain at room temperature, the 


change from austenite will be much acecclerated; at the same 


he change from martensite to troostite will also be acceler 
Hence the hardness must at first increase, reach a maximum 
then slowly decrease. As shown in Fig. 7, this conclusion is 


lly brought out by experiments.” 


\lthough austenite 1s retained at ordinary temperature on 








‘ig. 6—Etfect of Room Temperature 


Ilardness of Ouenched Steel (Honda and 


quenching certain steels and causes an increase in hardness when 


and if it transforms to martensite, its retention in ordinary carbon 
‘Is as postulated by Honda and Idei seems highly improbable. 
austenite is retained in any substantial amount its presence 

» detected by X-ray analysis. The X-ray gives no indication 
retention of austenite in steels similar to those used by 
Honda and Idei. When austenite transforms into martensite it 
sO with increase in hardness and volume and with evolution 
Tt heat. 


a eS 


Brush found that recently quenched carbon steel evolves 
leal 


spontaneously but the heat evolution is accompamied by 
ise in volume. Unless Honda and_ Idei 


al 


can show an 


increase in volume accompanying the increase in 


hardness, it 1s 


almost certain that the hardness increase is due to some change 


+} 
oTrner 


than the transformation of austenite to martensite. 





TRANSACTIONS OF 
294 AMERICAN SOCIETY VOR STEEL TREATING Sey 


The explanation put forward in the earlier part of this 
conforms to all of the observed facts. The spontaneous hard 
evolution of heat and contraction are due to the precipitati 
cementite. In a hard quenching the outside layers of the steel! 
to ordinary temperature so rapidly that practically no cem 
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Fig. Effect of Tempering at 100 Degrees Cent. on the Hardness 


Quenched Steel (Honda and Idei) 


has formed. Maximum hardness does not obtain until cement 
particles form. The formation of cementite takes place slowly a! 
room temperature and more rapidly as the temperature is increased 
The rate of cementite formation is governed largely by the rat 
of diffusion of carbon in the Alpha iron lattice. There is 
dication that the transformation of austenite to martensite 
place so gradually. This transformation is usually quite sudd 
when conditions are proper. This accords nicely with the cur 
Figs. 6 and 7. 
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\ith a medium quench the steel remains a sufficient time be- 
ibout 300 degrees Cent. and above room temperature to cause 
precipitation of considerable cementite. If the quench is too soft, 
tite may form or cementite particles of supercritical size may 
from the martensite. 
frequently large pieces of quenched steel will not be cracked 
mediately after quenching but will crack within a few minutes, 
hours or days. Such cracking would not be expected to take 
place if the views of Honda and Idei are correct. They would 
postulate the existence of martensite and troostite in the interior 
martensite containing some untransformed austenite in the 
uter layers. The slow transformation of the austenite should 


produce an increase in volume in the outer layers and hence re 


duce the tensile stresses. This should prevent cracking. On the 


other hand if cementite precipitation occurs in the outer layer, 
ontraction would take place with increase in: the tensile stresses. 
(his would promote cracking. It is thus evident that the results 
of Honda and Idei can be more satisfactorily explained by the 
spontaneous precipitation of cementite from recently formed mar 


1 


tensite than by the transformation of austenite to martensite. 
EVIDENCE THAT MARTENSITE IS FINE GRAINED 


lt was postulated ‘that the ferrite of martensite is fine grained 

and that the hardness of martensite is due, in large measure, to 

the fine-grained structure. To account for the great hardness of 

martensite on this basis, it must be considered that the grain size 

martensite is very minute, in fact submicroscopic. There is 

direct quantitative method of measuring the grain size in 

martensite, but there is indirect evidence which shows that it is 

small, 

lt should perhaps be explained what is meant by the grain 

of martensite. Martensite is a decomposition product of aus- 

The martensitic structure formed by quenching austenite 

shows many traces of the original austenite grain size.  Frac- 

ture commonly follows the grain boundaries of the parent austen- 

ite. Certain methods of etching frequently reveal these pseudo 

rain boundaries at the same time failing to reveal any clear 

ructure within them. It may, therefore, appear that these are 
rue grain boundaries in the martensitic structures. 





TRANSACTIONS O! 


IMERICAN SOCIETY FOR STEEL TREATING 


These pseudo grains are in reality made up of 
number of differently oriented grains of Alpha iron. It 
grains whose small size is held to be responsible for the ha 
of martensite and it is this grain size to which the following 
sion refers. 

The conditions governing grain growth in metals unde: 
ous circumstances have been worked out and it can be said 
considerable assurance of certainty that the conditions ob 
during the formation of martensite are such that the grain 
the Alpha iron in martensite must be very small. 

While it is impossible to observe the grains in martensite 
directly with the miscroscope, it can be inferred from mict 
scopic examination of other structures that the grains in martensi 
are too small to be seen. 


The X-ray spectrometer gives evidence of a direct 


qualitative nature that the grain size in martensite is very small 


NucLet FORMATION IN MARTENSITE 


The temperature at which martensite is formed in car! 
steel is about 300 degrees Cent. or lower. This is at least 40 
degrees Cent. lower than the temperature at which Alpha iro 
forms from austenite under equilibrium cenditions. Such unde 
cooling is known in many instances to cause the formation 
very large number of nuclei of the new phase. For example, 
water slightly undercooled below the normal freezing point 
agitated, there immediately forms a slush much resembling a 
ture of fine snow and water. If such a slush is frozen it is foun 
to be fine grained as compared to ice formed by normal freezing 
Similarly if ordinary glass which is amorphous is heated so as 
to cause devitrification the crystals formed are smaller and mor 
numerous the lower the temperature. The number of Alpha tro! 
nuclei which form in austenite must be greater as the amount 
undercooling increases. 


(GRAIN GROWTH 


It is well known that the rate of grain growth in metal 
creases with temperature and that normally the extent to 


grain growth proceeds also increases with temperature. In 





5 [ / / 


ls it seems that there is a fairly definite equilibrium grain size 


j 
cil 


which is more or less stable at each temperature of annealing. 


Severely cold-worked iron shows visible recrystallization on heat 


ne to about 450 degrees Cent. There seems to be some submicro 
scopic grain growth at temperatures below 300 degrees Cent., 
but it takes place slowly and is very limited in extent. Martensite 


formed at a temperature of 300 degrees Cent. or lower where 
\lpha iron must be very small, 


inv grain growth occurring in 


and must require considerable time. 


QOBSTRUCTING EFFECT OF CARBON 


Grain growth in metals is hindered and sometimes entirely 
prevented mechanically by the presence of obstructing material. A 
case Which has been completely worked out and reported is that 

thoria in tungsten. The presence of carbon in austenite at the 
time of its transformation must oppose the growth of the ferrite 
grains which form. Its presence would impede grain growth both 
during and after the transformation. 

lt may be considered that the presence in austenite of car 
bon atoms in substantially uniform distribution divides the iron 
atoms into groups. The smaller these groups, that is, the greater 
the carbon content, the more stable is the Gamma iron lattice 
as shown by the lower equilibrium temperature of the transforma 
thon When the carbon content exceeds about 1.5 per cent, the 
stability of the structure is so great that some austenite may be 
preserved at room temperature by rapid quenching from above the 
upper critical temperature. It would seem that the existence of 
repeating groups of iron atoms would be conducive to the 


formation of many Alpha iron nuclei. 


EVIDENCE OF THE MICROSCOP} 


Microscopic examination of martensite reveals no Alpha iron 
unt that could be classed as a grain, yet the X-ray spectrometer 
shows beyond a doubt that martensite is chiefly crystalline Alpha 
iron. [his suggests that the crystalline units are submicroscopic, that 
is, less than about one one-hundred-thousandth of an inch in diam 


+ 


CLET 
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~ 


When pure Gamma iron is quenched the Alpha iron 


are smaller than are produced by slow cooling. As carbon is a 
to the Gamma iron the Alpha iron grains not only become sn 
on slow cooling, but the effect of cooling rate on the grain 
hecomes much more marked than with pure Gamma iron. 

hard quenched 0.2 per cent carbon steel, the ferrite may |) 


eT 


1Ze 


tine that it is not discernible as individual grains, under th 
croscope. The inference is that a greater carbon content \ 
cause the formation of still smaller ferrite particles with 
quenching. 

We should expect all of the refinement of grain at the tim 
of the transformation of Gamma to Alpha iron. After the Alpha 
iron has been formed, any change in its structure should be toward 
greater stability, which is toward larger grains. Tempering mai 
tensite at 400 degrees Cent. to form troostite could not, therefore 
represent a change toward greater refinement of grain than existed 
in the martensite; the change must be in the other direction. Yet in 
troostite so formed there is no indication of the presence of grains 
of ferrite large enough to be seen with the highest powered micro 
scope. Again the inference is irresistible that the grains of Alph 
iron in martensite are submicroscopic. 


EVIDENCE OF THE X-RAY SPECTROMETER 


In order to obtain a good Hull pattern with the X-ray spect 
meter, it is necessary that the specimen be fine grained. In 
0.35 per cent carbon martensite, formed by quenching from 1300 
degrees Cent. (2372 degrees Fahr.) the Alpha iron pattern was 
typical of that obtained from fine grained metals, even though thi 
austenite grains from which the martensite was formed wer 
large enough to be seen with the unaided eye. Not only wer 
all of the diffraction lines of Alpha iron present on the film but 
these lines were wider than are obtained with ordinary grain 
The width of the lines was comparable to that obtained in \-ra 
crystallograms of such fine particles as collodial gold. The X-ra) 
affords a method of measuring grain size, in a qualitative way, 
gives positive proof that the grains of the Alpha iron of marte! 
site are very small. Bain estimates that the average diamete 
the grains in martensite is about 100 to 200 atom diameters 
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<imately .000001—.000002 inch). This fhgure 


is, OF course, 


an estimate, but it should be of the right order of magnitude. 


SHAPE OF GRAINS IN MARTENSITI 


lt is not to be understood that the ferrite grains in marten 
are necessarily equiaxed. The conditions obtaining during 
heir formation are conducive to the formation of very small plates 
ferrite running parallel to the cleavage planes of the austenite. 
\hether the grains are substantially equiaxed or in plates, their 
formation along the austenite cleavage planes gives rise to the 
acicular structure of martensite. The tendency for this cleavage 
recipitation 1s so marked that martensite formed by quenching 
large grains of austenite appears under low magnification to have 
srain structure similar to that of the austenite. Detailed ex 
unination, however, reveals the fact that the austenite graén struc 
ture is entirely replaced by a structure so fine that it is often im 
possible to find a single crystalline particle large enough to be seen 
with a high-powered microscope. The apparent crystalline masses 
observed after light etching are seen to be, after deep etching, 
omplexes of very fine structure. 


HARDENING EFFECT OF GRAIN REFINEMENT 


Che hardening effect of grain refinement is shown in many 


etals and alloys and is well known. The most complete corre 
lation of grain size and hardness is perhaps the work of Bassett and 
14 


Davis'* on Alpha brass. This alloy consists structurally of a 


single homogenous solid solution, and is, therefore, comparable to 


pure metal. Some typical values obtained in one series were: 


\verage Grain Diameter in Inches Brinell Hardness 
0.014 41.7 
0.0046 49.2 
0.0030 52.4 
0.0014 O02. 
0.00093 774 


lhe effect of moderate changes in grain size on hardness 
is relatively slight and it may therefore seem somewhat strange 


“A Comparison of Grain Size Measurements and Brinell Hardness of Cartridge 
W. H. Bassett and C. H. Davis, Transactions A. 1. M. E., Vol. 60, p. 428 
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to ascribe the great hardening effect in steel to grain refinen 
It will be noted from the above table that the grain diamete: 
the second specimen is more than 50 per cent greater than 


grain diameter of the third, whereas the hardness has only 


i¢ 
creased about 6 per cent. The difference in grain size would be 
quite apparent under the microscope while the difference in hard 
ness is not very marked. Nevertheless the total variation in hard 
ness brought about by changes in grain size is quite considerable 
The smallest grain size observed in brass by Bassett and Davis 
is large compared to the grain size which the authors believe t 
exist in martensite. 


ROLE OF AMORPHOUS IRON 


Martensite is essentially crystalline. This is evident from \ 
ray and other information. Any amorphous iron present would 
be either at grain boundaries or at slip planes. The amount at 
slip planes would be slight because the volume change when mai 
tensite forms is only 1.5 per cent. If amorphous iron is any con 
siderable factor in the hardness of martensite, it must be the 
grain boundary amorphous iron. If the grain boundary amor 
phous iron is much of a factor, the grains must be very small 
so that the grain boundary surface will be large. 


DISSOLVED CARBON AS A CAUSE OF HARDENING 


It has been stated by Le Chatelier and the opinion is held }) 
others, that martensite owes its hardness to carbon in solid solu 
tion in Alpha iron. The evidence given above is quite conclusive 
on the point that mildly tempered martensite contains very little 
carbon in solid solution, the bulk of it being precipitated as ce 
mentite. Such martensite is hard and the hardness cannot be due 
to carbon in solid solution. Great hardening can be produced im 
a steel containing two atoms per cent of carbon. No case 1s 
known where two atoms per cent of one element dissolved in a 
large grained metal produces hardening at all comparable to that 
in the case of martensite containing two atoms per cent of carbon 
In austenitic manganese steel there may be as much as seven atoms 
per cent carbon and twelve atoms per cent manganese dissolved 
in Gamma iron without producing any such marked hardening 
The structure in this case is coarse grained. It may be argued that 
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two atoms per cent of carbon produce over six per cent of ce 
mentite and that it is this compound which is in solid solution 

the ferrite. The same argument (though previously shown to 
be highly improbable) applies to manganese steel which would have 
more than twenty per cent cementite in solid solution. 

It is probable that a given amount of carbon in atomic dis 
persion in Alpha iron would produce a greater hardening effect 
than in Gamma iron.’® In order to completely account for the 
hardness of martensite in this manner, however. the hardening 
effect of carbon would have to be about fifteen times as great in 
\lpha as its maximum possible effect in Gamma iron as shown 
for example in austenitic manganese steel. According to this 
view, the addition of minute quantities of carbon (less than is 
soluble in Alpha iron at room temperature) to pure iron should 
produce a marked increase in hardness, which is not in accord 
with the facts. 

\lthough some of the hardness of freshly formed martensite 
can be attributed to the atomic dispersion of carbon in Alpha iron, 
it seems to the authors that this is of secondary importance. In 
other words, if the Alpha iron containing the atomically dispersed 
carbon were coarse grained, it is the authors’ belief that it would 
be relatively soft. On the other hand, if the grains of pure Alpha 
iron could be made as small as the Alpha iron grains of high car 
bon martensite, 1t is the opinion of the authors that relatively great 
hardness would result. Grain refinement is thus given as_ the 
most important cause of the hardness of freshly formed mar- 
tensite, and the presence of carbon as a secondary cause. 


SoME CHARACTERISTICS OF AUSTENITE 


A general effect of alloying elements such as nickel, chromium 
and manganese, is to facilitate the formation of 


martensite on 
quenching. 


That is, the cooling velocity required for the forma 


tion of martensite is less when these elements are present. Whereas 


a piece of carbon steel one inch in diameter will, when quenched 
i water, form an outer layer of martensite about 


Vy-inch thick 
and a martensite-troostite interiér, a piece of alloy steel the same 


‘ize will form martensite throughout under the same conditions. 


Rosenhain, Solid Solutions, Lecture February meeting of A. I. M. E., 1928. 
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The addition of these alloying elements also makes it e 


to retain austenite at ordinary temperatures on quenching. 


various kinds of austenite have different characteristics. The 


carbon (1.8) low manganese (1.5) austenite can be transfor: 
into martensite either by cooling in liquid air or by mild heat 
Most of the varieties of room temperature austenite contaii 
high carbon and a relatively small amount of other alloying 
ment can be transformed to martensite by either cooling in li 
air or mild heating. 

Hadfield’s manganese steel (manganese about 12 per « 
when in the austenitic state is, however, very reluctant to tra 
form to Alpha iron. The austenite is so stable that no ordi 
heat treatment will cause its transformation. Mechanical \ 
causes a partial transformation to martensite with consequent 
crease in hardness. The transformation from Gamma to Alp! 
iron proceeds slowly at a temperature of 500 to 700 degrees Cent 
(932-1292 degrees Fahr.) The austenite of manganese steel 
greatly supersaturated with carbon at room temperature or at 
temperature below 700 degrees Cent. It appears that much carhid 
precipitation in this case precedes the Gamma to Alpha transi: 
mation. The precipitation of carbide is apparently required 
make the austenite less stable. 

The precipitation of carbide from the austenitic manganes 
steel, without a simultaneous transformation of Gamma to Alphi 
iron, is quite analogous to the precipitation of the hard intermetall: 
compounds in duralumin. It has been stated that austenitic ma: 
ganese steel heated to 500 degrees Cent. (932 degrees Fali 
hardens much more rapidly than it increases in magnetism. Mos‘ 
of the hardness increase occurs before the specific magnetism has 
reached two per cent (Pure iron equals 100 per cent) and beior 
there is any marked change in the visible structure.”” 

But manganese steel cannot be made very hard. The te! 
perature at which the austenite transforms to martensite 1s su 
that grain growth of the ferrite can take place and the car! 


particles will grow beyond the size for maximum hardness 
STRUCTURAL CONSTITUENTS IN STEEL 
lt may be of interest to summarize the views given a! 


16 Metals and the Common Alloys Ss. L. Hoyt, pp. 347-9 
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varding the nature of the various constituents occuring in steel. 


AUSTENITE 
\ solid solution of carbon in Gamma iron. The iron atoms 
e the face-centered cubic arrangement. The carbon is atom 
lly dispersed. The carbon atoms may be substituted for some 
of the iron atoms in the face-centered cubic lattice, or may occupy 
positions between the iron atoms. Austenite is relatively soft and 
ctile. 


MARTENSITE 


Very fine grained Alpha iron containing carbon which, im- 
mediately after the formation of martensite, is atomically dispersed 
but not in true or stable solid solution. The iron atoms have the 
body-centered cubic arrangement. 


On aging at room temperature 
or more quickly on mild tempering, small particles of crystalline 


cementite form by the gradual diffusion of the carbon atoms and 
their association with iron atoms. The hardness of martensite in- 
creases with its carbon content and becomes very great at 0.70 
per cent or more of carbon. At the same time ductility practically 
disappears. Martensite is formed from austenite on cooling at 
about 300 degrees Cent. It is not a stable phase at any temper 
ature, 


TP ROOSFITE 


\n emulsion of very small cementite particles in fine-grained 


\lpha iron. Differs from martensite which has been aged or 
sightly tempered only in the larger size of the cementite particles 
and Alpha iron or ferrite grains. The size of both is still submi 
croscopic. Troostite is softer and more ductile than martensite of 
he same carbon content. 


Troostite is formed (a) from austenite at about 600 degrees 
Lent. on cooling at a rate too slow for the production of mar 


tensite but too tast for the production of sorbite, or (1) 
by reheating martensite to about 400 degrees Cent. The troostites 
tormed by these means differ both in appearance and in properties. 
lroostite is characterized by a very rapid etcing rate. 
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SORBITE 


An emulsion of cementite particles in Alpha iron. The 


of the cementite particles and of the Alpha iron grains is large; 


than in troostite, the cementite particles just approaching 


bility under the microscope. (Diameter on the order of 0.0000] 
inch.) Sorbite is softer and more ductile than troostite. 

Sorbite may be formed on cooling austenite at a rate too slow 
for the production of troostite, or on reheating martensite 01 
troostite to about 600 degrees Cent. There is again a differenc 


ill appearance and properties according to the manner of formatio: 


(GRANULAR PEARLITE 


Alpha iron containing rounded cementite particles large enoug! 
to be seen. The diameter of the cementite particles is ordinaril 
on the order of 0.0001 inch. The grain size of the Alpha iron 


is larger than in sorbite. Softer and more ductile than sorbite. 


FUNDAMENTAL DISTINCTIONS 


From these definitions it will be seen that out of these fiy 
commonly recognized constituents there are only three funda 
mentally different types of structure: 


l. Solid solution of carbon in (gamma iron. 
Austenite. 
Atomic dispersion of carbon in Alpha iron. 
Freshly formed martensite. 
Dispersion of cementite in Alpha iron. 
Aged or tempered martensite, troostite, sorbite, and 
pearlite. 

Further distinctions are of degree and not of kind. 


LS RI tence tn Aa ae th me 
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PROTECTIVE COATINGS FOR SELECTIVE CAR- 
BURIZATION 


By J. S. Vanick and H. K. Herschman 


Abstract 


In a search for an effective protection of steel surfaces 
from carburization, coatings of copper plate and mineral 
base pastes, such as fireclay, kaolin and enamel mixtures 
were experimented with. 

Copper plate is known to provide a very effectiv 
protection but it 1s subject to defects inherent in electro- 
deposits. These defects are most readily overcome by 
increasing the thickness of the coating. The thickness of 
plate necessary to protect surfaces against carburization 
was determined for comparatively long exposures. The 
methods used were somewhat more thorough than those 
heretofore reported in the literature. The data so ob- 
tained are shown in a chart and expressed by empirical 
curves for coating thickness and plating time. 

Of the mineral base coatings, a thin coat of the 
enamel “ground coat” mixture and a thick coat of a 
fire-clay-sodium silicate paste provided moderately satis- 
factory protection. The ease with which the former is 
applied and the slightly better protection which it offered, 
added to its points of merit. 

Microscopic evidence of nitrogen contamination and 
cementite concentration prompted a search for the source 
of the former and led to a discussion of the causes of 
the latter. An infiltration of nitrogenous gases through 
the protective coatings apparently caused the contamina- 
tion by nitrogen although the decomposition of a nitrate 
was held responsible for similar effects in the specimens 
coated with the enamel mixture. 


[. INTRODUCTION 
N THE carburizing process, it is often desirable to retain the 
softness, ductility or machinability of the original steel in cer- 


tain areas of the carburized object. Carburization is accom- 


plished by the penetration into the surface of the object of solid 


Published by permission of the Director of the Bureau of Standards, Washington 


A paper to be presented before the annual convention ot the Society, 
Pittsburgh, Oct. 8-12, 1923. Of the authors, J. S. Vanick is metallurgist, 
Washington, and H. K. Herschman is assistant physicist, Bureau of 
Standards, Washington. Written discussion of this paper is invited. 
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carbon or gaseous compounds of carbon. If the surfaces 
are to be protected from carburization be insulated by a coat 
impermeable to the solid element or gaseous compounds of « 
bon, carburization cannot occur. 

The need for data on protective coatings to be used in car! 
izing practice as applied to armor plate production which necessa 
requires long periods of time induced the initiation of this investi 
tion. However, in order that the scope of this work might includ 
such information as may be applied to the more common comme 
practices of carburizing, shorter intervals of time than employed 
armor plate manufacture were also introduced. 

Copper plate has a long record of service as a surface co\ 
ing and it continues to be widely used. The process of coppe 
plating is irksome, time-consuming and expensive. The = surfac 
which is to be plated must be free of dirt or grease, or the coat 
ing will lack either continuity or adherence. These disadvantages 
encourage efforts to develop other methods of protecting si 
faces. Among the many ingenious methods which have been devi 
to accomplish this purpose, metal spraying and coating with mine 
base pastes seem to be most inviting. 

Portevin' has described the application of the Schoop process 
of metal spraying to the formation of surface insulating coating: 
A slight penetration of carburizing gases through this coatin: 
was reported but the diffusion of carbon into the underlying met 
was insufficiently deep to be considered objectionable. 

Various refractory coatings made up of earthy or mine 
ingredients have achieved more or less success. The mineral 


gredients are made into plastic pastes with water or sodium sil: 


cate as binders. Among these mixtures may be mentioned 
alumina-sodium silicate and the asbestos sodium silicate pastes 
Wood and McMullan;* copper-dust, emery-powder, sodium si! 
cate paste of Galibourg and Ballay® and the enamel “ground coat” 
mixture subsequently described in this paper. Mixtures simila: 
to those above are undoubtedly being used at present. Althoug! 
comparative data resulting from competitive tests are not aval! 
able a degree of impermeability which would be satisfactory 
many purposes might be expected. The use of water or sodiu 
Comptes Rend, Vol. CLXTII—1914, p. 1025. 


Chemical and Metallurgical Engineering, Vol. 26, p. 1077. 
Revue de Me tallurgie, 1922. Vol. 19, Pp. 222. 
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ate as binders for the solid particles would warrant the pre 


tion of porosity. The volatilization of the water during heat- 
or drying would create pores or passages for the evolved gas 
it would later be equally accessible to the entering gas. Coat 
vs of the refractory type are not sufficiently impermeable for 
more exacting demands that are frequently met in practice. 
opper plate then becomes necessary. 


Il. Coppper-PLATE COATINGS 


There are few data available in regard to what should con 
stitute an ample thickness of copper plate “°°” particularly when 
long periods of carburization are necessary to produce the desired 
depth of case in the unprotected areas. In a survey of the liter- 
iture on this subject, one is confronted with recommendations 
ior coatings on such extreme delicacy as those obtained by mo- 
mentarily washing or dipping the surface in copper solutions to 
those measuring 0.0005 to 0.001 inch in thickness which require 
a prolonged immersion in an electrolytic plating bath. 

Although the copper cyanide bath is most generally used for 
the deposition of such protective coatings as referred to, there are 
some cases in which a copper cyanide flash followed by a deposit 
of copper from a copper sulphate bath have been recommended. The 
information available on the types of plate deposited from a sul 
phate bath tend to indicate that they are less impervious than those 
obtained from a cyanide solution, and that therefore a greater 
thickness is required. 

At carburizing temperatures with the assistance of impuri 
ties at the copper-iron junction, copper may diffuse into the steel 
and very thin films may be completely absorbed or possibly 
“coalesced” into a thickened network by which process such areas 
vould become exposed. 

The gaseous compounds of carbon, oxygen, hydrogen and 
nitrogen which constitute the carburizing gas are doubtless solu- 
le to some extent in hot copper. Hence diffusion of the car- 

(4) See Lathrop, Transactions, American Society of Mechanical Engineers. Vol. 24, 

. 971. 
:) ee E. P., Transactions, American Society of Mechanical Engineers, Vol. 42 
0, p. 566. 


Thain, W. A.. Transactions, Faraday Society, Vol. 16, p. 478, 1920-21. 
Maeder, R. E., American Electroplaters Society, Vol. 9, No. 11, p. 5, 1922 
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burizing gases through the electrodeposited copper might be 
pected. Pilling’? has presented data showing the relatively r; 
rate at which hot reducing gases penetrate commercial copper. 
appreciable retardation of the diffusion rate through the elec: 
deposited material would be expected on account of the absenc: 


oxide films and globules which upon reduction create interg: 


ular fissures and voids in ordinary copper. The total infiltrat 
from the above causes would be relatively small. Most of th 
permeability of the thicker coatings would be traceable to defect 


inherent in electrodeposits. Imperfections in the copper coating 
such as pin holes, pores, embedded inclusions, imperfect adheren 
etc., are common defects. These imperfections may be overconx 
applying thicker films of copper plate, which will insure the coat 
surface against carburization. 


Table I 
Thickness of copper coatings 
—Estimated— 
mm. inches mm. inches 
0.00127 .00005 0.00119 000047 
0.00254 .00010 0.00213 .000084 
0.0064 .00025 0.00674 000265 
0.0127 00050 0.0129 000509 
0.0193 .00075 0 0182 .000723 
0.0254 00100 0.0275 001084 
0.0381 .00150 0.0318 001252 
0.0508 00200 0.0541 .002128 
0.0762 .00300 0.0766 003012 


—Measured— 


MATERIALS AND METHODS OF PROCEDURE 


Specimens approximately 5/8-inch square and 1 inch long, 
were machined from Armco iron slabs and the surfaces finished 
by grinding. Before plating, the specimens were scrubbed with 
powdered pumice stone and water, then immersed as cathodes in an 
electrolytic cleaning bath consisting of a solution of sodium cyanid 
and sodium carbonate through which a sufficiently high current was 
passed to produce a vigorous evolution of hydrogen on the cathodes 
After washing with distilled water, the specimens were copper plated 
at a current density of about 0.5 amp/dm? (4.7 amp/sq. it.) 
in a cyanide bath* which was maintained at 50-60 degrees Cent 
Plating was continued for a predetermined interval of time which 


(8) Transactions, American Institute of Mining and Metallurgical Engineers, 19” 
Vol. LX, p. 322. 


*Plating solution consisted of copper cyanide, 5 gr. Liter; sodium cyar 
30 gr. Liter; sodium carbonate, 15 gr. Liter. 
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id been estimated to produce the desired thickness of coating, 
:pon the arbitrary assumption that the cathode efficiency was 65 
per cent. 

The estimates of coating thickness were checked by measure- 
ments of deposits on specimens selected for this purpose. As is 
uite generally known, more metal is deposited on the edges, cor- 
ners, or sharp angles of a plated object than on smooth, plane 
surfaces. For this reason, microscopic measurements of coating 
thickness were made at the center of each rectangular face of 
the specimen. The results appear in Table I. 

The resistance of the various thicknesses of copper plate, 
to penetration by carburizing gases was determined by the follow- 
ing experimental procedure: 

A. Groups of specimens comprising six thicknesses 
of coating were exposed for different intervals of time 
increasing in 12-hour steps, from 12 to 72 hours. 

B. Six thicknesses of coating equal to those of A, 
were given a single exposure of 72 hours in six different 
carburizers. 

C. Thin coatings were exposed for intervals of 
time within the 114 to 48-hour range to include commer- 
cial practice and check results of A. 

For a carburizing compound with a reproducible composi- 
tion a mixture of 40 per cent charcoal, 40 per cent barium car- 
bonate and 20 per cent dry bone was used. For the 72-hour 
exposure in different carburizers, the compounds used were the 
one above, a modification of it consisting of 40 per cent char- 
coal, 20 per cent barium carbonate and 40 per cent dry bone and 
+ commercial mixtures. 


Specimens were packed in small carburizing boxes with an 


inch or more of the carburizing compound adjoining the speci- 


men surface. The boxes were sealed with a fire-clay mixture, 
charged into a cold furnace, brought up to the carburizing tem- 
perature of 925 per cent Cent. (1700 degrees Fahr.) held for 
their respective carburizing periods and then withdrawn and _al- 
lowed to cool in air. 


EXAMINATION AND RESULTS 


A visual inspection of the specimens after carburization, 
showed that in general, the copper adhered quite firmly. The 
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thicker coatings as one would expect, were better able to ma 
tain their adherence, coherence, continuity and initial appeara: 

To determine the permeability of the various thicknesses 
copper plate and the microscopic condition of the coating, sp: 
mens were plated with a coat of nickel, sectioned longitudinal! 


polished and examined. To evaluate the merits of the sev. 


Table Il-a 
Resistance of increasing thicknesses of copper plate to penetration by carburizing ¢.;s 
Carbon Penetration 
Depth of \ppeara 

lotal Max. penetration of coatir 
Coating thickness ke xposure depth conc. to 0.20 C. ifter 
Inches mm. in hours mm. % C. mm. exposut 
00025 0064 775 02 Fair 
00025 OO64 26 33 70 Poor 
00025 OO64 36 87 $0 8 Poor 
00025 0064 3.58 77 19 Good 
00025 0064 90 87 7 Poo: 
00025 0064 3] 87 3 Poor 
00050 0127 0 Fair 
00050 0127 86 
00050 0127 3 0 
00050 0127 10 
00050 0127 33 
00050 0127 72 


OO! Q254 0 
OO1 0254 . 0 
001 0254 ; 0 
OO! 0254 8 94 
OO1 0254 94 
OO! 0254 ] 4? 
OOLS 0381 0.0 
OO15 0381 0.0 
OO15 0381 3 0.0 
OO1S O381 ' 0.0 
OOLS O38] ) 0.0 
OO1S O38] 2.33 


D Vir who 


™ 


IO Vide v 


x 


l 
l 
1 
l 
| 
] 
a 
> 
: 
. 
> 
> 


002 OSO8 0.0 
002 O508 0.0 
O02 OSO8 3 0.0 
002 O508 ‘ 0.0 
OO2 O508 0.0 
002 OS5O8 j 0.0 


003 .0762 2 0.0 
003 0762 0.0 
58 003 0762 3 0.0 
59 003 0762 8 0.0 
60 003 0762 60 0.0 
61 003 0762 72 0.0 
‘ondition of coating 
Good—unaltered after exposure. 
F air—small localized fusions of Cu and Fe or small blisters on surface. 
Poor—large localized fusions of Cu and Fe or numerous blisters on surface. 


thicknesses of coating, the total depth to which the carbon had 
penetrated was measured, the concentration of carbon at the sur 
face was estimated and the depth at which a concentration 0! 
0.20 per cent carbon appeared, was determined. The — result 
are listed in Tables Ila, Ilb and III. 

The initially low concentration of carbon in Armeo iron 1 
duces the difficulty of measuring the depth of the carburized zo 
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the 
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carbon 
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concentration. 


Having 


St] 


determined 


rate of migration of carbon into iron under identical condi 


ns. the data so obtained could be linked 


with 


those 


ot Tables 


and Ill for the purpose of interpreting the effectiveness of a 


ating. 


1 
eptn 


Table II-b 


A close relation would be expected between the 
of the penetration of carbon and the period of time 


total 


dur 


Resistance of increasing thicknesses of copper plate to gases produced by 
various carburizers 


Coating 


Ine hes 
00025 
00025 
00025 
00025 
00025 
00025 


00050 
00050 
00050 
00050 
00050 
O00050 


OO] 
OO] 
OO] 
O01 
001 
OO] 


OOLS 
OOLS 
OOLS 
OOLS 
OOLS 
OOS 


O02 
002 
002 
002 
002 
002 


003 
003 
O03 
003 
003 
003 


Thickness 
mm. 
O064 
0064 
0064 
0064 
0064 
0064 


0127 
0127 
0127 
0127 
0127 
0127 


0254 
0254 
0254 
0254 
0254 
0254 


O381 
O381 
0381 
O381 
0381 
O381 


0508 
0508 
0508 
0508 
O508 
0508 


0762 
0762 
0762 
0762 
0762 
0762 


Period of Test; 72 hours 


Carbon Penetr 


Carb irizer 


\ 
B 
Cc 
D 
I 
I 


Total Max 
depth conc 
wh = 
3] 87 
20 15 
36 50 
11 OX 
87 

UN 


mm 


ba es wd oe oe 


7? 
13 
61 
33 
70 
11 


yp me IN Wk DO 


4 


i 


> 
) 
3 


10 
OO 
03 


13 
Q2 
OS 
02 
OO 
OO 


OO 
20 
00 
00 
OO 
OO 


OO 
OO 
OO 
OO 
OO 
OO 


ition 
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penetration 


f 


to 0.20 C 
mith 


t 


| 


penetration of large nitride needles, as illustrated in Fig 


etration of small nitride needles, 


no 


might be 


irface 


an 
made. 


estimate 


an 


index 


is illustrated in Fig. 6f. 


the time 


much 


of 
Similarly, the concentration of carbon at the 


would afford less 


$3 


ig which carburizing gases were in contact with the surface. B 
is method 


\ppearance 
of coating 


ifter 


exposure 


Poor 
Poor 
Poor 
Poor 
Poor 


Poor 


Poor 
Poor 
Poor 
Fai 

Poor 


Poor 


Poor 
Poor 
Poor 
Fair 


> OT 


Fair 


Poor 
k alr 
Pol 
Fair 
Poor 


Fair 


Good 
Good 
Poor 
Fair 
Poor 


Poor 


Poor 
Good 
Good 
Good 
Good 
Good 


»V 


failure of the coating 


reliable, 


however, of 
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either the relative magnitude of the perforations or the chen 
character of the gas which they admitted. 

lor example, specimens 1 to 6 of Table Ila, show an 
pected increase in depth of case, indicating a failure of the 


ing in less than 24 hours. Similarly a high concentration of , 


bon near the surface would indicate a comparatively porous 


permeable coating and suggest a hydrocarbon rather than o 
carbon infiltration.() 


The data of Tables II-a and III, plotted with respect 
the depth to which carbon had penetrated the coated specinx 
appear in Fig. 2. For carburizing periods of less than 36 hours 
the increment of coating thickness for zero penetration decreas 
then sharply increases for the 60 and 72-hour periods. It 


\ 


readily apparent that the plotted points do not. closely follow 


Table III 
Resistance of very thin copper coating to penetration 


Carbon Penetration 
Depth of 
Carburiz- Car- Thickness Total Per Cent penetration 
Specimen ing Period _ buri- Copper Coating depth concen- to 0.20 C, 
No. in hours zer Inches mm. mm tration mm. 
100 L164 00005 00127 0.16 0.98 
101 0001 00254 0.02 0.32 
102 0002 00508 OO 
103 00005 00127 87 0.63 
104 0001 00254 06 0.84 
105 0002 00508 06 0.88 
106 0005 0127 00 
107 00005 00127 76 2.28 
108 0001 00254 12 1.16 
109 0005 0127 02 Part 
110 00075 0191 .00 penetra 


MiNi ee 
de = NINN VW 


rr > re rrr re 


+ 


_ 
oc 


the straight lines, but tend to become asymptotic to the coating 
thickness abscissa; a relation suggesting an infinite coating thick 
ness for very long carburizing periods. In view of this, the lines 
for carburizing periods exceeding 48 hours, were drawn to a\ 
erage the position of the determined points and the values at 
their intersections with the “thickness of coating” line were taken 
as impermeable thicknesses of coating. If these values for zero 
penetration be plotted, a curve roughly paralleling one for “ve 
locity of carbon migration” is obtained. The parallelism of the 
two suggests a relation between the time of exposure and th 
activity of the gases in the carburizing chamber; a relation wherei 
the added activity of the gas requires the additional thickness of 
coating. 


(9) Giolitti; Cementation of Iron and Steel, McGraw Hill Co., p. 131. 
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Using the values for coating thickness taken from the in- 
rsections of the time curves with the zero penetration abscissa 

Fig. 2, the curves of Fig. 3 were prepared.* From this dia- 
ram the plating time necessary to deposit an adequate thick- 
ness of coating for the conditions indicated may be rapidly de- 
termined by reading the abscissa for the selected carburizing 
period ordinate. 


Fig. 1—Appearance of coated specimens. Natural size. a. Armco iron. 
coating. c. Ground coating. d. Kaolin coating. e. Bottom view of 


A 72-hour endurance test of the several thicknesses of copper 


was made by exposing coated specimens in six different car- 

burizers. The results appear in Table II-b. The data show 

that a large difference in depth of penetration may be expected 

rr the individual penetrable thicknesses of coating. The inter- 

section for zero penetration corresponds to the one recorded in 
? 


"Credit is due M. R. Thompson, chemist, Bureau of Standards, for 





TRANSACTIONS OF 
314. =AMERICAN SOCIETY FOR STEEL TREATING © Septei 


Thickness of Coating in Inches 
__ i OO ne. 


Ss  __— 
| 








Carburizing Periods 
72 hours 
60 
48 
36 
24 
/8 
/2 
6 
er 
Lg 


xRBAr0o00Ge@00 








000 0.02 _ 0.04 0.06 
Thickness of Coating in Millimelers 


Fig. 2—Depth of carbon migration versus copper coating thickness. Intersectiv' 
carburizing period lines with base line is interpreted as safe thickness. 


Some of the alkali-earth carbonates which are essential 
gredients of many solid carburizers might be expected to corrod 
the coating surfaces at carburizing temperatures. The decom 
posing semifused salts might generate corrosive products in th 
nitrogen-hydrogen-carhon gases which would attack the coatin; 


17) 
Lil 
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re of plating +r copper cyanide bath at O38 amps 
as per sgft- OS efficiency ir Cu’) for protection 


during carburization of steel at /700F 


piating batt 


rOUTITIP'O Qases < 


44 


VRBURIZING PERIOD IN HOURS 


y 2 1. . . 
Fig. 3—Plating time and thickness of coating expressed tor various) carburizing 


surfaces. Although an appreciable difference in the relative ap- 


pearance of the coatings was observed the degree of destruction 
varied for the individual carburizers and a distinction could not 
he made. 


Most of the data listed in Table III were obtained by running 
a check test on the penetration of carbon through coatings ex- 
pected to be either permeable or impermeable as calculated from 
lig. 3. Where a penetrable thickness was used, an infiltration 


rases had occurred; where an impenetrable thickness was used. 
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no carburization took place. The values for concentratio: 
carbon and depth of case for penetrable coatings varied s 
what from those of Table Il-a. In this and the preceding gr 
of specimens evidence of the infiltration of nitrogenous gases 
observed. These observations will be discussed in a_ subse 
description of the microstructural features. 


Ill. MrNerRAL BASE COATINGS 


The success of certain coatings made of single or mixe 
minerals is mentioned in the introduction to this article. 
mineral-base coatings depend upon water or sodium silicate 
Hoat them or provide them with the plasticity necessary 
their application. The evaporation of the water and the decor 


position of the sodium silicate during drying or heating gene: 


> 


ally renders the resulting coating more or less porous; the porosity 


depending upon the amount of volatile material held in the plas 
tic mass. The ability of such coatings to prevent carburization, 
depends upon their thickness and the mechanical obstruction which 
an intricate aggregate of fine particles offers. Other properties, 
such as adherence, coherence, density and continuity would un 
doubtedly vary with the composition of the coatings and _ the 
physical properties of their ingredients. 

lire-clay has served and continues to serve the  purpos 
of a coating for preventing carburization, but its shrinkage upoi 
drying or baking causes large surface cracks and its poor adheren 
may induce parting along the contact of the steel with the retra 
tory surfaces. 

In a search for a more impermeable coating, sodium silicate 
was substituted for water in the fire-clay mixture in order to 
reduce the shrinkage and improve the adherence; a_ mixture 
of kaolin made plastic with sodium silicate was also chosen be 
cause of the finely divided condition of the kaolin, and an ename! 
“eround coat” which would flux at the temperature of carbur 
zation was selected with the expectation that improved adher 
ence, coherence, continuity and density would be achieved when 
this mixture was baked or burned at the carburizing temper 
ature. 


MATERIALS, METHOD OF PREPARATION AND TEST 


The fire-clay and kaolin coatings were made up by adding 
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ium silicate to the dry powder and stirring to the consistency 
clay or stiff mud. The plastic mass was then securely packed 
ound the specimens with the aid of a retaining mold and _ finally 
dried. The shrinkage of the coatings during drying produced 
concave surfaces which were flattened to a uniform’ thickness 
5/16 inch on each of the sides of the specimen. 
The enamel “ground coat” required much more 
10-11 


attention. 
find application in the enameling process where 
they serve as the bond between the metal and the glazed finish. 
(he mixture chosen for its fusibility and adherence in the car- 


‘Ground coats’ 


hurizing temperature range was prepared and applied as follows*: 


Parts 


Composition by weight 


Flint (Si0,) 

Borax 

Sodium nitratet 
Lead oxide (Pb,O,) 


Mill mix 


The mixture-called frit, was sintered at 850 to 900 degrees 
Cent. (1565 to 1650 degrees Fahr.) and the resulting sinter 
crushed and sieved. Clay was added to the sinter to form the 


“mill mix” and the mixture wet-ground in a ball mill. Enough 
water was added to give the finished product the consistency of 
an enamel or thickened paint. An excess of water 
no harm 1 


would do 


the mixture were allowed to stand because the ex- 


f 
cess would separate from the suspensoid and could be decanted. 


3efore applying this coating, the specimens were cleaned of 
grease, pickled in a 10 per cent nitric acid-alcohol solution, washed 
in alcohol and dried. The coating was applied by immersing the 
specimens in the emulsion, then draining and drying them.** The 
latter procedure was repeated 2 or 3 times to obtain a coating 
approximately 3/32 inch thick. The coated specimens are il 
lustrated in Fig. 1. 

The mineral coated specimens were put through the same 
experimental procedure as the copper-coated specimens. This 
(10) See Transactions, American Ceramic Society, 18, 1916, p. 343 

(11) See Transactions, American Ceramic Society, I, 1918, p. 99 

*The selection and preparation of this ground 

R. Danielson, formerly of the Bureau of Standards. 
_tSodium nitrate was later replaced by sodium carbonate after the presence of nitrogen, 


ibly introduced during the decomposition of nitrate 
observed. 

‘tA special enamel clay obtained from Johnson and Porter 
known as “‘number eleven” clay. 

**Irregular surfaces could be coated by brushing 


coat mixture was directed bys 


in the presence ot carbon, had 
ot McKenzie. Tenn . 


or spraying 
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procedure consisted of a 72-hour exposure sampled at 12 
intervals and a 72-hour exposure in one of 6 carburizing 
pounds. An additional adherence test of the “ground coat” 
sisted of exposures up to 72 hours, of smoothly finished 
mens of 1/16, 4% and '%4-inch radius covered with the « 
which was applied as described above. This test was mad 


determine the feasibility of applying the coating to surface 


Table IV-a 
Resistance of mineral coatings to penetration by carburizing gases. 


Carbon Penetration 
Depth ol 
Coating ‘Total Max penetration 
Material Vhickness kx posure depth cone. to 0.20 ¢ 


Inches mm in hour mm “% 4 mm. 


K iolin 
Kaolin 
Kaolin 
Kaolin 
Kaolin 
Kaolin 


$8 
34 
19 
O4 


99 


7.94 12 
7.94 24 
94 6 
94 tS 
94 60 
Q4 79 


Amara" 


tw bv tw hw te PV 
~UVide to — 


Fire Clay 
Fire Clay 
Fire Clay 
Fire Clay 
Fire Clay 
Fire Clay 


Q4 
94 
O4 
94 
94 
O4 


wal 


awww 
CNN 


5 
25 
25 
25 
Ss 
25 


aN 


Enamel } coats 
Ground coat } coats 
Ground coat } coats 
Ground coat 3} coats 
Ground coat 3 coats 
Ground coat 3 coats 


Q2 

26 

65 

65 

90 13 

n—presence of smal nitride needles apparently caused by the decomposition of sodium nit: 
was an ingredient of this coating. 


Side we wie 


chined to a smooth finish by grinding and filleted to the usual 
mensions encountered in practice. 


IXxAMINATIONS AND RESULTS 


An inspection of the specimens following their exposur 
the carburizing gases showed that the kaolin coatings had crack« 
badly and appeared porous; the fire-clay coatings appeared equall) 
porous, but had not cracked; the “ground coat” coatings ha 
flaked from the surfaces because of the difference in the 
and magnitude of the contraction of the steel and coating, 
ing cooling. Isolated patches of the “ground coat” remained 
partly fused to the surfaces. ‘These particles were removed | 
light tapping or impact. The fragments appeared compact 
dense. 


A microscopic examination of cross sections of the 5] 
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vielded the data listed in ‘Vables [V-a, IV-b and LV ~- \ 
of these data clearly shows the permeability of the kaolin 
¢ An appreciable depth of penetration is accompanied by 
rh concentration of carbon at the surface. The fire-clay 
ng shows a more shallow penetration and a lower carbon con 


centration. The limited porosity and sustained resistance to pen 


Table IV-b 
Resistance of mineral coatings to gases produced by various carburizers. 
Period of test; 72 hours 


on 
Depth ot 
pe netrat 


to 0.20 ¢ 
( irbur 


NMMmNMNMNy 
manawa 


anwwwuw 


thy he he te Ie he 
AAmna 


1 
3] 
3] 
3] 
31 
3] 


round coat 3 coats ; ) f N (heavy 
und coat 3 coats : 5 } 5 ] N (heavy ) 
und coat 3} coats 5. 8! 33 N 
und coat 3 coats : } N he 
und coat 3coats ; 5 d 
e of small nitride needles 

nee of large nitride needles 


etration of the “ground coat” is expressed in the deep, low-car 
bon penetration which suggests a continuous, but feeble infiltra 
LO] of Las. 

| e “é ‘9 

in the adherence test of the “ground coat,” smoothly ground 
surfaces of 4, Ye and 1/16-inch radius were 
mixture. The coating failed to adhere to the smooth surfaces 
il deep penetrations resulted from the 24-hour 


vn in Table IV-c. The test shows that 


coated with the 


exposure as 
a surface rough 
to a dull or matte finish by pickling or other means, is neces 

to provide an anchorage for the contact films of the coat 

In other respects, the ‘ground coat” of the thickness used, 
appears satisfactory where a_ slight penetration is permissible. 
Where none is permissible, recourse to the copper coating seems 
lecessary, 
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1\ INCIDENTAL FEATURES 


Vicrostructure 


e critical examination of a large er of spe 
In the critical examination of large numl ts] 


features of more or less importance are quite likely to | 
themselves for such attention as the urgency of the princi, 


vestigation may allow. In the present work, the occurren 


Table IV-c 
Exposure of smoothly finished, short radius specimens, coated with “ground coat 
Carbon Penetration 
Specimen Max. Depth of 
No Carburizing Votal Con. C. penetration 
Depth mm %C % © to 0.20% C 
} 1.02 18 
Pn 1.68 75 
12 complete 0 
Is no specimen 
24 complete 
36 complete 
+8 complete 
60 complete 
72 complete 


“~ x 


a gk pm ges gs ees 


Un 
Un 
Irr 
Irr 
| 

{ 


c 
complete 
complete 
complete 
complete 

84 
ae 
1.82 

no specimen 
2.88 

3.64 

4.32 

4.90 

5.30 


Mw iv = 


thick cementite films and evidence of the infiltration of nitr 
genous gases warranted more than passing attention. The pres 
ence of either of these two components of structure is often a 
companied by brittleness or spalling in the zones they occupy: 
an undesirable feature for many types of service. Fortunatel) 
this structure did not exceed 2 or 3 millimeters of depth and 
would not be considered injurious if the metal below the coated 
surface were subsequently removed. In industrial practice, steels 
for carburizing purposes, usually contain a small amount o! cal 
bon which acts as a more or less effective buffer against the in 
filtration of nitrogenous gases thereby reducing the degre: 
contamination. 
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igs. 5-a and 5-c illustrate the form in which the deposited 

is concentrated beneath the coated surface in cementite 
or white bordered patches of pearlite. The susceptibility 
e specimens to contamination by nitrogen and the resem 
e of the white bordered patches of pearlite to correspond 


“nitride” patches prompted the application of an etching test 


4—Examples of good and poor coatings. i. Satisfactory copper coating hh 


fusion of copper and iron Mag. x 100. Etched in 2 per cent nitric acid in 


to assist in the identification of the patches. The failure of Steads 
reagent and the success of sodium picrate in darkening the bright 


} 
ecto 
i 


ges, as illustrated in Fig. 5-d indicated that cementite predom 
inated rather than nitride. The structure presented in Figs. 5-a 
and 5-c prevailed when the average carbon content estimated from 
the total area occupied by the patches of pearlite, did not exceed 
0.10 per cent, The initially low carbon content of the Armco 
iron and the slow cooling in the carburizing boxes doubtless as- 


sisted in producing this particular structure. There are possibil 


v1 
4 


es that other causes such as the presence of oxides or oxygen 


1 
+} 


e iron or the preferential infiltration of carbon-rich, hydro 
vases through the protective coating, encouraged the con 


{ 


ion Of carbon. 
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* 


c. 


° 

Fig. 5——Etching tests of ‘“‘white bordered” pearlitic patches, a. Infiltrat 
hydrocarbon ‘gases probably produces heavy cementite films. Fig. b (etched with 
reagent) fails to darken white border of patches. Fig. d etched with boiling | 
picrate; cementite edge is darkened. a and e¢ etched with 2 per cent HN© 
aleohol x 500 dia 
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(he presence of long and short “nitride” needles in the sub- 
surface layer of many of the specimens clearly demonstrated that 
an increase in the nitrogen content of this zone had occurred. 
[he nitrogen markings cannot be detected in eutectoid or hyper- 
eutectoid areas. For this reason the hypoeutectoid zones con- 
taining less than 0.45 per cent carbon offered the best matrix 


for the detection of nitrogen. The structures presented in Figs. 
6 and 7 show the distinctive characteristics of nitrogen bearing 
areas. Armco iron possesses an initial nitrogen content of 0.003 
to 0.0055 per cent. The structure of the original material is re- 
produced for convenient reference in Fig. 6-a. If a surface be 
roughened by etching more deeply than is necessary to develop 
the grain outline a number of small cuts or a few large slashes 
such as appear in Figs. 6-b and 6-c, may be disclosed. These 
markings closely resemble isolated nitride needles but beyond this 
resemblance, evidence to establish their identity is lacking. Etch- 
ing in Stead’s reagent darkened those of Fig. 6-c, although this 
test might be discounted because the thin needles are too deli- 
cate to be insensitive to corrosive reagents. An analysis for 
nitrogen of a layer, 1 mm. thick, cut from specimens showing 
the types of structure illustrated in Figs. 6-b and 6-c, yielded iden- 
tical results. An increase in local concentration 


probably pro- 
duces the coarser needle.* 
Figs. 6-d, e, f and 7-a, b, show an unmistakable increase in 


+ 


the number of nitride markings which indicates an increase in 


nitrogen in the subsurface layers. Some of the. unustial  posi- 
tions which these markings adopt may be worth mientioning. In 


lig. 6-d, for example, the usual intercleavage alignment as- 
sumes a directional trend that makes the small needles resemble 
elongated etching pits. However, the multivariant orientation 
ot the markings of Fig. 6f, in an adjoining area destroys the 
etching pit reqtitément of “uniformity of orientation in  indi- 
vidual grains.” The markings within the large grain of Fig. 6-f 
adopt a tandem arrangement that appears to outline several small. 
grains which have coalesced to form the large individual; the 
small needles exhibiting a preference for the poorly knit con- 
tacts of the precoalesced units. 

the nitrogenization of iron ‘with ammonia, through a_ temperature gradient, 


thin needles have been found in low temperature areas which yielded less nitrogen 
is containing large needles. 
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Fig. 6-—-Microstructural evidence of nitrogen contamination. a. Original 
of Armeo iron b. Suggestion of a small initial content of nitrogen in _ short, 
separated “needles.’”” c. Local concentration of nitrogen indicated larger nitride 
d Heavy precipitation of small needles. e. Large and small needles mix 
pearlitic matrix in copper coated specimens. f. A ferritic area of Figs.  b, « 
f, x 500 Others x 100 dia Etched n 2 per cent nitrre icid in aleohol 
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Figs. 7-a, b and c¢ illustrate the unusual phenomena of mi 
ride needles traversing patches of pearlite The imtersections 
eon to be contined to the ferrite lammations. The small mark 


invs appear to adopt a latticed spacing within the ferrite that is 


Fig. 7—Pearlitic areas contaminated by nitrogen. a. Large nitride needles indicate 
nhiltration of compounds of nitrogen. Needles appear along cleavage planes and grain 
boundaries. b. Needles appear in pearlitic patches but do not intersect cementite 
mellae. c. Large and small needles appear in pearlitic areas All etched with 
per cent HNOs in alcohol. a x 100. b and ec x 500. 


sandwiched between sheets of pearlite. Fig. 7-c shows large 


and small needles scattered through a pearlitic area. In all speci- 


mens the large needles as shown in Figs. 6-c, 7-a and 7-b, are 
iound near the edges, frequently intermingled with the small 
needles, while the latter alone prevail in the more remote areas 
of the affected layer. 


SOURCE OF NITROGEN CONTAMINATION 


in view of the microscopic evidence of the presence of nitro- 
gen the problem of determining the source of this contamination 
was presented. The nitride structures may have been due to: 
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(a) A surface-ward migration of nitrogen initially 
solved in the specimen. 


(b) <A transfer from the coatings of nitrogen origin: 


from occluded gas or decomposed ingredients. 
(b) A transfer from the coatings of nitrogen origin 
burizers through the coatings. 


Table V. 
Nitrogen content in 1 mm. layer underlying copper coating. 


Spec. Carburizer Coating Exposure % Nitrogen Approx. N 

No. inches mm. in hours’ inl mm multiple — s¢ 

layer of initial Not 
content 





0005 0127 0070 l 
0005 0127 .0070 l 
0005 0127 .0070 :. 
0005 0127 8 .0130 2 
0005 .0127 .0130 2 
0005 0127 2 .0100 1 


CO hm ne 


0020 0508 2 .0034 
0020 0508 .0057 
0020 0508 0051 
0020 0508 0041 


B 00025 .0064 f .0230 
1.78%N. 00050 0127 0270 


. 00025 0064 
.84%N. 00050 0127 
00200 .0508 


.0310 
.0220 
.0087 


~~ 
Mrmr 


D 00025 . 0064 
AMQN. 00050 0127 
00200 0508 


0330 
0190 
0069 


SwNI™N 
Mmm y 


E 00025 0064 
A1QN. 00050 .0127 
00200 0508 


0130 
0100 
0055 


Mmrvut 


00025 0064 
00050 0127 
00200 0508 


0220 
0110 
0058 


~“sI~w™ 
mMmhy 


0054 
x—Sample of original material (Armco iron). 


The analysis * for nitrogen of a layer 1 mm. thick 
from the subcoating surface of specimens selected from the co 
per plated group yielded the data of Table V. 

The nitrogen content of specimens 45 to 48 inclusive, 1s ap 
parently unaltered after carburization, thus indicating that a 
migration from the interior to the surface does not occur, 
is nitrogen introduced from the decomposition of occluded 
entrained cyanide** within the matrix of the relatively 1 
coat of copper. The kaolin and fire-clay coatings did not « 

Analyses made by Louis Jordan, chemist, Bureau of Standards. 


**The use of a cyanide solution in plating the specimens suggested this as 
of nitrogen contamination. 





SELECTIVE CARBURIZING 


tain nitrogenous ingredients and contamination from these coatings 
would not be expected. The prevalence of nitride markings in 
all of the specimens covered with the enamel “ground coat’ drew 


attention to the 3 per cent of sodium nitrate in the coating com- 


$$$ 


iv da 


Nitrogen contamination traced to sodium-nitrate of ground coat. b. 
needles appear in subsurface zone of specimen heated 1% hours at 1000 degrees 
in ground coat plus charcoal mixture. c. Subsurface zone of specimen heated 
urs at 1000 degrees Cent. in “ground coat” mixture. x 500. Etched in 2 per 
HNOgs in alcohol. 


Small 


position. The source of the needles was attributed to the decom- 
position of the nitrate in the presence of carbon and iron at the 
carburizing temperature. Heating a specimen for 1 hour at 1000 
degrees Cent. (1832 degrees Fahr.) in a crucible filled with a 
mixture of “ground coat” and charcoal in one instance and re- 
peating the treatment on another specimen packed in the ground 
coat alone, yielded a perceptible nitrogen. penetration in the for- 
mer, which substantiated the explanation given above. Figs. 8-b 
and &-c, illustrate the resulting structures. Replacing the nitrate 
with sodium carbonate should eliminate this effect. 

(he pronounced increase in the nitrogen content of thinly 
coated surfaces and the general increase in the nitrogen content 
of specimens exposed for progressively longer intervals of time 





TRANSACTIONS OF 
328 IMWERICAN SOCIETY FOR STEEL TREATING Septei 


demonstrated that the gas was being introduced from a _ soi 


( 


extraneous to the specimens; obviously the carburizing ¢ 


Pases 


The nitrogen content of specimens 7 to 17 illustrates this p 


The data of Table V show that no relation exists between the ni 
gen content of the carburizers and the degree of contamination 


SUMMARY 


1. Experimental tests of carefully prepared, copper coatings 
were interpreted to yield empirical curves which show the p 
gressive increase in the thickness of coating necessary to obt 
protection against carburization for increasing periods of time. [hi 
curves are expressed in terms of carburizing time, plating tim 
and plating thickness. 

2. Experiments with mineral base coatings consisting 
sodium silicate pastes with kaolin and fire-clay as the body mate: 
ials, resulted in failure for the kaolin and a moderate success 
for the fire-clay mixture. Results obtained with 3 coats of ai 
enamel 


‘ 


‘ground coat” mixture were equal or slightly superior 
to those of the much thicker coating of fire-clay. <A_ pickled 
or roughened surface is necessary for the successful adherence 
of the “ground coat’ and a similar surface would doubtless im 
prove the adherence of other mineral-base mixtures. 

3. A microscopic examination of exposed specimens ir 
quently showed a concentration of carbon beneath the penetrable, 
copper-coated surfaces and evidence of an infiltration of nitrogenous 
compounds. The latter were found to originate from the carburiz 
ing gases, supplemented in one instance, by the decomposition 01 
sodium nitrate in the “ground coat” mixture. Data are submitted 
in detail and structural features are carefully described. 

In conclusion the authors wish to acknowledge the advict 
and assistance which Messrs. Blum, Thompson and Danielson so 
helpfully contributed toward the accomplishment of this work 
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TESTING OF STEEL FOR HARDNESS 
By H. M. German 


URING the discussion in the last symposium on hardness 
y this society, the question was asked, 
“\Vould it not be possible to formulate some instructions as_ to 
iow to use the different machines ?”’ 


testing conducted by 


The machines under discus 
ion were the Brinell, Rockwell and scleroscope. Acting upon the 
above suggestion, it was thought that a practical paper dealing 
with some of the most important factors and elements that intro 
duce errors in the operation of these hardness-testing machines 
would be useful to the society. It is not difficult to operate the 
three machines in question, but when several operators testing a 
viven piece of steel with the same machine at different times ob 
tain widely divergent results, it is evident that there are factors 


in the machine and in its operation that introduce errors. 


BRINELL HARDNESS TESTING 


Che Brinell test is a measure of hardness by deformation. In 
making a standard test a fixed pressure is applied on a hardened 
and polished steel ball 10 millimeters in diameter which in turn pene 
trates the test piece that is held in a rigid position. 
ot the 


The diameter 
impression is proportional to the resistance of the piece 
tested. For iron, steel and the harder metals 3000 kilograms is the 
standard pressure, while for the softer metals like lead and babbitt 


metal, a moderated pressure is used. 


‘To obtain the hardness num 


er corresponding to the diameter of the impression, the diameter 
of the impression may be read with a microscope having a graduated 
millimeter scale or the depth of impression taken by a micrometer 
attachment. The readings obtained may be referred to a chart 
which will transpose them to the corresponding degree of hardness 
or hardness number. 


Several plants use the diameter of impression as the unit of 
hardness, as for example 3.2 instead of the hardness number 364. 
(his term conveys the same meaning of hardness and saves time 


in computing or comparing with a chart to obtain the hardness 


\ paper to be presented at the Symposium on Hardness Testing, annual con 


ntion of the Society, Pittsburgh, October 8-12, 1923. The author, H. M. Ger 
, 1s metallurgist, Henry Disston & Sons, Philadelphia. Written discussion 
| this paper ts invited. 
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number. The practice of reporting Brinell hardness shouk 
standardized. 


lt is recognized that metals under mechanical work or 

pression when cold, change in hardness and become more resi: 

to deformation up to the point of rupture. The extent of this cha 

of hardness varies not only in different metals but also accord 

to the rate of application of pressure. Therefore, it must 
ae , 

understood that the Brinell test is a comparison and reliable re 


can be obtained only by testing like articles under like conditi 


The Brinell machine is still recognized as the leading stand 


for the engineer to compare different degrees of hardness on 


count of its accuracy and reliability when the necessary precauti 
are taken in making the tests. The Brinell machine has its lini 


tions in that the standard test cannot be used for testing thin 


tions, those that will not stand a permanent deformation, o1 
ished articles in Which the depression mark would be objectional| 
The standard pressure used for the test is 3000 kilograms 
should be used whenever possible. However, by reducing 
pressure the depth of depression will be decreased and thinne 
sections can be tested. If a series of test pieces having graduated 
degrees of hardness are prepared and readings taken with different 
pressures, it is not difficult to form a curve that will trans). 
readings at lower pressure to comparative readings at the standard 
pressure. A comparison curve for transposing readings at 1500 
kilograms pressure to those at 3000 kilograms pressure is given 
Fig. 1. 

The gage limitation of specimens to be tested by the Brine! 
is also influenced by the hardness of the piece to be tested. For ex 
ample, it is more possible to test a thinner section of high tempered 
steel than of low tempered steel as the impression will be much |: 
in the former than in the latter. An impression which shows a 
bulge on the opposite side will not give accurate results and should 
be discarded. 


The minimum gage limits for Brinell and Rockwell test 
1.00 per cent carbon steel hardened and tempered at different tem 
peratures is shown in Table I. The results were obtained by har« 
ing eight pieces of steel eight inches long by two inches wil 
three-sixteenths of an inch thick, which had previously been grou 
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L h i i | | A 
2 4 £ ’ 0 
Brinell — 1500 Nilograms. 


1--Comparison Curve for Transposing Brinell Reading 
those at 3000 Kilograms Pressure Using a 10 mm. Ball 


remove any presence of decarburization. the hardened pieces 


were then drawn at different degrees of heat and then taper ground 


rough polished. <A series of tests were then made on each piece 
lose intervals from the heaviest to the thinnest section and 


point was noted at which the impression produced a bulge on 





TRANSACTIONS OF 
IMERICAN SOCIETY FOR STEEL TREATING 


Sept 


the opposite side and the readings were influenced. The. thic 
at this point was measured with a micrometer and was taken 
minimum gage limitation for that particular hardness. The 


od used in determining the limitation is illustrated in Fig. 2. 


a 


Table I 
Minimum Gauge Limits for Brinell and Rockwell Tests at Differen: 
Tempers 
1.00 Per Cent Carbon Steel 


Drawing Brinell 3000 Kg. Brinell 1500 Ke. Rockwell 
Temp. Pressure Pressure Steel Ball 
Deg. Reading Ga. Limit Reading Ga. Limit Reading Ga 
Kahr. 


700 O50 
800 060 
900 3 065 
1000 a 070 
1100 Sea O80 
1200 5 090 
1300 105 
Anneal 140 


O30 
035 
040 
045 
050 
060 
070 
O85 


wewinNrenrmmrmyrenmt 


One of the greatest factors that will influence the Brinell r 
sults ts the speed at which the pressure is applied. If the pressur 
is applied rapidly, the depression will be greater than if it is aj 
plied slowly and gradually. This error is strikingly shown wl 
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Fig. 2—Sketch of Test Piece Used to Determine Gauge Limitations. 


comparing results obtained by an eccentric and weight type 


machine with that using a hydraulic action. In the former 


the load is applied quicker and there is a greater swing of tr 
weight than in the latter. Average readings on these pieces 


annealed steel are as follows: 
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No. | No. 2 No. 3 


Lever Brinell—tast pressure 4.4 mm. 4.6 mm. 4.3 mm. 
5 mm. 4.2 mm. 
4 mm. $+.15 mm. 


lever Brinell—slow pressure 4.3 mm. 4 
Hydraulic Brinell—normal 4.15 mm. 4 
pressure 


Part of the above difference may be due to the type of machine 


Al 


lhe average difference between a fast and a slow application 
of pressure with the hydraulic machine is about 0.1 millimeter im 
diameter for medium hard metals; the softer the metal, the greater 
will be the difference. A satisfactory period of time for applying 
the full load, is five seconds. 


Another important factor that will influence the depth of in 
dentation is the duration of time that the full pressure is applied 
in making the test. A short application of pressure will not give 
consistent readings as it requires time for the full pressure to ex 
ert itself in pressing the ball into the test piece and reach an 


equilibrium. This is clearly shown in the following test: 


Period of Brinell Readings \veraue 
Application Reading 
Seconds 


4 


in 


12 
1S 
16 
175 
18 
18 


nt 


LO 
0 
0) 
45 
60 


b2 2 = 2 = 
J 
a 


In this test the maximum reading was obtained at 45 seconds: 
there being no increase with an additional 15 seconds. In com 
mercial testing the average duration is 10 seconds, but when more 
accurate readings are desirable, 30 seconds give consistent results. 
\ standard time should always be used. 


One weakness of the Brinell machine is that the steel balls 
frequently crack or become deformed. This source of trouble is 
naturally greater when testing harder pieces than when testing an 
nealed pieces. A cracked or deformed ball may be detected when 
reading the indentation as it will be out of round. Oval shaped de- 
pressions should be discarded. There is at present considerable 
research work being done to obtain a nonbrittle, nondeforming ball 


and if successful, this source of error will be eliminated. 
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In order to obtain consistent readings, the following pre 
tions should also be observed: 

See that the surface of the test piece is at right angk 
the direction of applied pressure and that it rests solid on the 
- port. 


See that the movable block on which the test piece rest 
flat. The author has frequently seen blocks that had indentat 
made in them by the Brinell ball. This will give nonuniform 
sults, particularly when testing thin sections. If the block is 
flat, have it ground. 


Check the reading glass frequently to see that the millimete: 
lines coincide with those of the standard. They occasionally vet 
out of adjustment. 


Check the instrument occasionally with a standard test b 
of known hardness. This should always be done when a new 
is used as they do not always seat properly in the plunger. 


ROCKWELL HARDNESS TESTING 


The Rockwell test is a modification of the Brinell. It 
sists of pressing a hardened steel ball one-sixteenth of an inc! 
diameter or a diamond cone, of 120 degrees angle, into the piec 
to be tested and measuring the depth of depression with a 
micrometer. In order not to confuse readings, a separate scale 1s 
provided for the ball and diamond depression. The standard pres 
sure applied for the maximum load is 150 kilograms when using 
the diamond cone and 100 kilograms when using the steel 
The operating principle of the Rockwell machine is different fron 
the Brinell in that the total depth of depression from the surtac 


1/ 


is not measured. In making a Rockwell test, a minor load of |! 


kilograms, regulated by a spring, is first applied, the micrometer 


dial is set at zero, and then the major load is applied. Upon 


releasing the major load, the depth of -depression caused by the 
major load only is indicated on the micrometer dial. This reading 
is taken as the degree of hardness. The Rockwell test has a spec 
field in that it can be used for testing much thinner sections t! 
the Brinell and it does not spoil the finish of the article test 
except on very highly polished work, but like the Brinell it 

its limitation in that it cannot be used for testing thin sect 
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90 100 , a 120 
Stee/ Ball 


Comparison of Steel Ball and Diamond Cone Rockwell Readings 


that are brittle or those that cannot stand a permanent ‘deformation. 


lor testing very hard articles such as hardened high-speed 
milling cutters, etc., the diamond cone has a very useful 
id as it will not deform and give inaccurate readings. Steel balls 
much trouble in testing high tempered articles owing to their 
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tendency to break and deform under pressure and, if used, sh 


be tested against a standard specimen at frequent intervals. \\V} 


testing annealed and low tempered articles, the steel ball is pt 


ferred as it gives accurate results, it is less liable to break, and 
scale has a wider range. Fig. 3 shows a comparison curv: 
steel ball and diamond cone Rockwell readings. 


Since the Rockwell is an indentation test, the same factors that 
were discussed under Brinell testing, such as the rate of applicatio: 
of the major load and the length of time the load is applied, will 
influence the results. The rate of application can be varied by 
justing the strength of the major load spring. For accurate 


sults, the time for applying the full load should not be less th 


ila] 


1 
( 


five seconds, but if the test is made to roughly sort articles accord 


ing to their hardness, the time may be lessened. 


lt must be clearly kept in mind that the Rockwell machine 
will test on a comparison basis. No factor or formula can be used 
that will convert hardness numbers obtained from one type of test 
ing machine to that of another for articles of different compositions 
lf it is desired to convert Rockwell to Brinell or scleroscope terms, 
the best plan is to prepare a series of test pieces of the same gaug 
and finish that range from, hard to anneal, in temper, take reading 
with the different testing machines and plot a curve that will show 
a direct comparison of the readings. A comparison curve tor 
straight carbon steel containing 1.00 per cent carbon, 7 gauge, is 
shown in Fig. 4. 


Surface defects, such as scale or decarburized surface, do no’ 
affect the readings if they are not deep as the minor load over 
comes their resistance, but if the thickness of scale or decarburized 
surface is excessive, the results will be misleading. If accurate 
readings of unknown samples are to be taken, it is a good pla 
to grind the surface before testing. Rockwell readings are not 
influenced by the smoothness or finish of the articles tested. You 
may confidently expect to obtain the same readings from polishe 
articles that you get when testing them after they have been hard 


ened and tempered. The results of a test made to show the influ 
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nce of grinding and glazing on hardened and tempered pieces of 
0 per cent carbon steel, 0.045 inches thick is as follows: 


Readings were taken with a steel ball. 


Sample Hardened Rough Rough Finish 
Number and Ground Glazed Glazed 

Tempered (Wet Sandstone No. 100 Emery) (Flour Emery) 
116 
116 


6 7 116 7 116 117 
6 - 116 117 
5 117 


117 


17 
| 


| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 


11 

1] 

1] 11 

11: 116 pas l 
116 116 116. l 
115 116 116 5 
Special care should be taken in testing that the specimens are 
properly supported and horizontal. When the piece is large, the 
overhang should be supported in such a manner that it will not 
be raised or depressed when the major load is applied. Improper 
support of the pieces to be tested and the use of improper anvils 


are two of the greatest sources of errors in Rockwell testing. 


After changing penetrators or anvils, readings should always 
he taken on a standard test piece until uniform and standard re- 
sults are obtained, as the first few readings are unreliable. This 
is because it requires pressure for the penetrator, anvil and chuck 
to seat themselves properly. 


SCLEROSCOPE HARDNESS TESTING 


The scleroscope, as invented by Shore, measures the height 
of rebound of a standard weight when allowed to fall from a given 
height upon the article to be tested. When a very hard substance, 
like a hardened steel ball or a diamond pointed hammer is allowed 
to fall on a horizontal surface, the height of rebound in propor 
tional to the resilience of the article on which the hard substance 
talls. If the article to be tested is very hard, very little of the 
energy produced by falling weight will be dissipated by indentation 
and the energy will be almost entirely expended on the rebound. 
llowever, if the article to be tested is quite soft, considerable of 
the falling energy will be consumed in indentation. 

The falling weight of the scleroscope is a steel cylinder one- 
tourth inch in diameter by three-fourths of an,inch long. It has 
a diamond striking point about 0.020 of an inch in diameter, which 
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Scleroscope 
40 60 80: 


Temperature of Draw - Fahr 
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Fig. 4—Brinell, Rockwell and scleroscope Comparison Curves for a 1.00 Per 
Carbon Steel. 


/20 


is slightly spherical and blunt in shape. This weight is allowed 
to fall by gravity from a height of ten inches through a vertical 
glass tube on the article to be tested. The degree of hardness 's 
measured by the bighest point reached by the top of the weight ©! 
the rebound and is measured against a graduated scale in back of 
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vlass tube. The scleroscope does not spoil the finish of article 
be tested, it can be used on very thin sections and by holding 
the hand or supported on a movable arm is applicable for testing 


large sections. 


Che scleroscope will give comparative results only when testing 
articles of like composition under like conditions. This point can- 
it be made too emphatic. By like conditions, we mean the same 
vauge or thickness and the same surface conditions as rough, 
eround or polished. If a comparison test is made between Rock 
well and scleroscope readings on a number of thin and heavy test 
pieces all having the same Rockwell degree of hardness, the thin 
pieces will give a higher scleroscopic reading than the heavy pieces. 
(his is illustrated by comparison curves Fig. 5, of Rockwell and 
scleroscope readings for different gauges. 


lhe effect of different surface conditions on scleroscope read 
ings may be shown by testing pieces of hardened steel after tem- 
pering and after receiving different degrees of grinding and _polish- 
ing. The results of such a test on 0.90 per cent carbon steel, 0.045 
vauge, are given in the following tabulation: 


Hardened & Rough Kine Ground Rough Fine Polish 
Tempered Ground Kine Polish Polish 
Coarse 
Wet Wet No. 100 Flour 


Sandstone Sandstone Emery Emery 


~ 
~ 


81 
81 
81 
81 
—8] 
| 


~I~J ~J ™ 
fd be GC oh SY OO 


Krom the above results it is evident that it is impossible to 


compare the hardness of a rough ground piece with one having a 
highly polished surface and it emphasizes the fact that the sclero- 
scope can only be used to compare like articles under like condi- 
tions. 


Probably the greatest objection to the scleroscope is that the 
readings obtained from one instrument will not always check read- 
ings made by other machines on the same test piece. This has 
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Fig. 5—Comparison ‘Curves of Rockwell Steel Ball and Scleroscope Tests 
Different Gauges of Metal. 


been proven not only by checking readings of instruments that 
were in service for several months but also by checking new 


repairs 


instruments and those returned to the manufacturers for rey 
and recalibration. It frequently happens that two instruments 
will check on part of the scale but not throughout their entir 
lengths. When several instruments are in use, it is desirable 
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ect one for a plant standard and adjust all the others to agree 
“ith it. If an instrument is used to test a single class of work 
vhere the readings do not vary more than ten points, as_ for 
example 50 to 60, the instrument should be adjusted to check the 
standard in that range. The author has often felt that it 


be quite an improvement in construction if the scale 


would 


could be 
adjusted without removing the glass tube as adjustments could 


he easily and quickly made and the dangers of breaking and not 
reseating the tube properly would be eliminated. 

\s the hammer is permitted to fall freely, care should be ex 
ercised to keep friction between the hammer and the tube reduced 
toa minimum. This may be done by keeping the tube in a verti- 


cal position by means of the leveling screws and by frequently 
cleaning the inside of the tube and the hammer with chamois. 


\Vhen the scleroscope is used in a heat treating department or 
where the air is contaminated with smoke and oil fumes, the soot 
and oil adheres to the inside of the tube which causes friction and 
low readings. Also when the instrument is located in or near a 
chemical laboratory, the acid fumes will corrode the hammer. In 
replacing the top after cleaning, be sure that it is firmly seated in 
the proper position or the height of drop will be changed and the 
instrument will give wrong readings. In all cases, it is a good 
plan to keep the instrument covered when not in use. 

The Brinell, Rockwell and scleroscope are all valuable hard 
ness-testing machines, each having their own particular fields and 
limitations. The service which they will render depends upon the 
judgment and care of the operator in their operation and main- 
tenance. It is hoped that this paper will prove an aid in securing 
consistent and interchangeable results and that it will supply an an 
swer to the frequent question, “What is wrong with our hardness- 
testing machines ?” 
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MAGNETIC INDICATIONS OF HARDNESS AND Br} 
TLENESS 


By A. V. de Forest 


ARDNESS tests owe their particular usefulness to the 


that they constitute the most generally known nondestru: 
method of judging the suitability of a metal. . Furthermore 
may be applied to any specimen with but little limitation {; 
its size or shape, and are, therefore, applicable to finished p: 


ucts. In general, the other mechanical tests are limited to 
pieces which are assumed to represent the actual material un 
study. 


Particularly in heat treated steel, where the effect of shay 
and mass is relatively large, the logic of a vicarious test is 
quently at fault. 


Magnetic testing has frequently been proposed as a meat 
of doing all this, and I shall here describe some recent develo 
ments along this line of investigation. The application of 
form of this test as an inspection method has been described 
a recent paper." The use of this apparatus as an elaborati 
of the customary hardness test may properly be considered 
this symposium on hardness testing. 


It may seem superfluous to remark that testing of any ku 
should decide upon the suitability of the material for its 
tended purpose. Nearly always this means that it must ha 
a certain proportion of mutually antagonistic qualities, such 
strength and elongation, toughness and brittleness. The best 
relationship between these qualities is different for different .com 
positions of steel, and frequently different for different heat treat 
ments of the same steel. It can usually be determined only 1) 
a service test, or a laboratory test which simulates service co! 
ditions. 


The customary procedure in selecting a_ steel and 

(1) Proceedings, American Society for Testing Materials, 26th annual meeting, 

A paper to be presented at the Symposium on Hardness Te t 
annual convention of the Society, Pittsburgh, October 8-12, 


The author, A. V. de Forest is research engineer, American Chain 
Bridgeport, Conn. Written discussion of this paper is invited. 
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ting it for a particular purpose might be outlined in) some 
tail in order to bring out the part played by a hardness test. 
ippose for example we take a drill to be used on mild. steel. 
simplify matters we assume a fixed speed and feed. With 
any particular steel, for instance a simple 0.90 per cent carbon, 
ve could quench from a suitable temperature above the critical 
range, draw to various temperatures and run cutting tests. From 
these we could select the best heat treatment and make _ hard- 
ness tests to correspond. A. hardness figure would then rep- 
resent a particular state of the steel, known to give suitable re- 
sults but under the conditions of the test only. Under these 
conditions the hardness will be a function of the drawing tem- 
perature. If the character of the steel is changed or even the 
temperature of quench, or rate of cooling in the quenching bath, 
the hardness figure would be ambiguous, and perhaps mislead- 
ing. It is within the experience of nearly all of us that two speci- 
mens of the same composition may be equally hard, yet one may be 
more brittle, in the sense of resisting impact, than other. <A 
single magnetic reading can easily be made which will give a 
figure to be used in the same way as the _ hardness test 
in this instance. 


An additional hardness test might be placed-after the quench 
and before the draw. Here, if the temperature before quench 


and the rate of cooling be assumed constant, a figure can be made 
to indicate whether the character of the steel or the quench- 
ing operation is properly carried out. A combination of changes 
can, however, obscure a defect in either or both. Unfortunatety 
in this case there can exist great differences in the brittleness of 
the quenched steel, with but little indication in the hardness. 

One more step can be taken. The steel may be normalized, 
and the hardness measured. Here, some unsatisfactory stock 
could be eliminated, but again the hardness does not greatly depend 
on the factors in composition which make for or against a suc- 
cessful tool. 

Suppose for a moment that a brittleness test were available. 
Something like a shock test only nondestructive and applicable to 
the material in its own shape instead of to a notched or pre- 
pared specimen. This test would depend upon other combinations 
ot the qualities of the steel than those influencing the hardness. 
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With this and the hardness test at hand let us consider the 
problem. Roughly speaking, this drill represents the possibilit 
trouble at four points. (1) In the composition or state o{ 
steel before heat treatment, (2) in the temperature and 

of the heat for quenching, (3) in the quench, (4) in 
drawing operation. A test of the finished tool would 
both the main factors necessary for a good tool; hardness with 
greatest available toughness which heat treatment is capabli 
developing in that steel. The double test would show whet 
the tool were good, and if bad, perhaps to some extent why 
could not, however, show which of all four factors or co 
bination of them was at fault. If the double test were applied 
after quench and before draw, we would know whether all were 
up to this point and if wrong there might be a characteristic 
dication in the hardness-brittleness ratio of where the troubl 


lies. A similar test on the raw material would indicate anything 


unusual in either factor, composition or physical state. 

The magnetic method has not as yet developed such delightfu 
possibilities as outlined above, but under suitable conditions cai 
be used in the same way, and with similar results. It has th 
great advantage of speed. Feeding the material to the tester 
the only limit, for the reading can be made as rapidly as 
small mirror can swing a beam of light. and both “hardness” and 
“brittleness” tests can be carried out simultaneously. It fortunate) 
happens that different magnetic properties of a steel are in 
fluenced in different proportions by different groups of physica! 
properties. For this reason a reading can be made ot 
magnetic property which is mainly dependent on the same factors 
which determine hardness. This is a relatively simple measur 
ment and can be easily carried out in numberless different ways 
If, however, another group of magnetic qualities is measured 1 
a suitable way, a reading can be made which depends very litt! 
on the hardness as affected by drawing temperature, but | 
greatly influenced by internal stress and grain size. 

These are the very factors which are probably the mos 
important in determining brittleness or its opposite, toughness 
Moreover, one of these, namely internal stress, is exceedingly dif- 
ficult to measure or even estimate by any test we have. ! 
influence on shock tests is certainly large; on fatigue tests 1t may |! 
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eory have anything from an overpoweringly bad to a mildly 


beneficial effect. This magnetic measurement may then be treated 


the same manner as our hypothetic brittleness test to use in 
oniunction with the mechanical test for hardness. 


Che effect of internal stress on shock and fatigue tests is ilus- 
trated in a rough way from the following experiments. Using a 
delicate recording dilatometer which could follow the volume 
changes in steel during quenching operations. Matsushita® showed 
that by rapidly cooling a 0.9 per cent carbon steel the austenite 
martensite transformation could be depressed nearly to the tem 
perature of the quenching medium. With the help of this in 
strument the steel could be withdrawn from the quench be- 
fore the transformation had begun, but after it had been depressed 
below the temperature at which martensite is unstable. In this 
way the great change in volume from austenite to martensite re- 
sponsible for most of the highly stressed conditions could be 
completed slowly in air instead of rapidly as is ordinarily the 
case in water quenching. In one case this transformation was 
delayed from the normal quenching rate of 20 seconds to 45 
minutes with a slight difference in hardness in favor of the slow 
transformation. Any rate of cooling which depressed the trans- 
formation below 300 degrees Cent. yielded martensite of about 
the same hardness. Shock test, however, showed a very great 
difference in favor of this step method of quench, as Honda calls 
it. his merely provides figures to show the extent of the possible 
benefit which all good heat treaters know is derived from with- 
drawing any steel from the quenching bath before it is cold. The 
improvement is clearly to be ascribed to the lowering of internal 
stresses due to the delayed and gradual volume change. 

lhe effect of internal stress on fatigue is somewhat more 
ditheult to illustrate. It has, however, been observed by many 
experimenters that the fatigue limits of steel can be raised in some 
cases 20 per cent by slowly increasing the alternating load. This 
can most readily be explained on the basis of Jenkins, model 
as the improvement due to wiping out the internal stresses acting 
hetween different elements of the test specimen. 

(he magnetic relationships of all these varying properties have 


Matsushita, Journal, lron and Steel Institute, May meeting, 1923 
Jenkin, Engineering (london), Vol. 114, page 603, Nov. 17, 1922 
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not been fully explored. A few of the simpler ones were 
trated in the paper on my apparatus previously mentioned. 1) 
the magnetic effects of different elements. of a _ heat tr 
ment on several steels is shown. For instance in the case of h 
speed steel the diagram of Fig. 1 was worked out. 


“hardness” and “brittleness’’ magnetic measurements were plot 


Rockwell 
Hardness 
(C.Scale) 


’ Draw 620°C. 


57 Draw 595°C 


58 Draw 565°C. 


57 Draw 540°C. 
Draw 510°C. 


X Axis. 


Fig. 1—Plot of Magnetic Data from 18 per cent Tungsten High-Speed 
Steel, Showing Effects of Quenching and Drawing. Specimens % x ¥% x 3 
inches. 


respectively along two axes at right angles to each other 
marked X-axis and Y-axis and these factors are expressed 1" 
terms of quenching and drawing temperatures. The full lines 
connect the readings of specimens having equal quenching temper 
atures, and the dotted lines connect those of equal draw. Figur: 
on Rockwell hardness are also given and illustrate how imposst)!! 
it is to determine two factors in terms of a single: measuren) 
With the help of such a diagram to assist in the choice 0 
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ticular heat treatment for a special purpose, the time spent 
service tests can be greatly reduced. 
One of the outstanding results of work so far is the 


variation encountered in heat treated specimens even 
ade from the same bar of stock. 


great 
when 
If a group of ten pieces is 
hardened, say from 750 degrees Cent., another from 800 degrees 
Cent., instead of these forming two groups, they will almost 
invariably form nearly a continuous series from one minimum to 
one maximum specimen. From this series samples can be selected 


for test to show the differences to be regularly expected. Con- 


versely, the differences between different specimens of the same 
stock and supposedly the same heat treatment give a_ logical 
measure for the improvement of the whole heat treating process. 


Magnetic tests can be applied to the raw material from 
which tools are made and determine its suitability of structure and 
physical state. Bars unsuited for machining can be discarded 
or retreated. Tests on the finished product can prove the ac- 
ceptability of the tool, and indicate what step is at fault in the 
heat treatment. As in the case of the analogous mechanical tests 
however, differences of size or material will produce results which 
cannot be interpreted without reference to service tests. This 
means that after the testing apparatus is at hand, a_ period 
of investigation is needed to interpret the findings into terms 
of service. This investigation is never complete but should always 
be in process of continuous growth toward the development of 
better results. I look forward to the help that such methods may 
give to the improvement of steel on the one hand and its heat 
treatment on the other. 
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THE HARDNESS OF “COMMON HIGH” SHEET BRAss 


By Alvan L. Davis 


B Y THE above name is meant the usual rolled sheet |») 
of 


commerce, corresponding to an approximate composit 
of 66 per cent copper, 331% per cent zinc, and 14 per cent lead, 
and other impurities combined. Such brass may be purchased 
sheet form annealed to various degrees such as “light annea 
“drawing anneal,” and “soft drawing anneal.” It may also be 
tained in various “tempers,” which tempers are due to reductions 
thickness by cold rolling, as indicated in the following schedule 


“Temper” duction, B.w S. Percent Reduction 
Gauge in Thickness 


Quarter Hard No. | 
Half Hard No. | 
Hard No. 7 
Extra Hard No. 

Spring 8—No. 


The object of this paper is to set forth briefly the averag 
hardness, as determined by various methods, and also the range 1 
hardness, to be expected in annealed and in hard-rolled sheet brass 
of the various tempers mentioned above. The data hereinafter pre 
sented has, in large part, been compiled from the published re 
searches of: Price & Davidson', Mathewson & Phillipps*, Phillipps 
& Gerner®, C. H. Davis‘, Bassett & Davis’. 

Also certain unpublished work coming under the review 
the author has been available. 


1. Physical Tests on Common High Brass, American Institute of Metals, Sep! 
ber, 1916. 


2. Reerystallization of Cold Worked Alpha Brass on Annealing, Transactions, Ai 
Institute of Mining and Metallurgical Engineers, February, 1916. 

3. Chemical and Metallurgical Engineering, June, 1919, page 622. 

1. Proceedings of American Society for Testing Materials, 1917, page 164. 


5. Comparison of Grain Size and Brinell Hardness of Brass, Transactions, American Inst 
of Mining and Metallurgical Engineers, page 428, Vol. LX, 1919. 


A paper to be presented at the Symposium on Hardness Testing 
annual convention of the Society, Pittsburgh, October 8-12, 192 
Vhe author, A. L. Davis, is metallurgist, Scovill Manufacturing | 
Waterbury, Conn. Written discussion of this paper is imvited 





HARDNESS OF BRASS 


lhe hardness of brass is not developed in the same way 
venerally the case with steel. The hardness of brass, of a given 
omposition, 1s due to cold work, together with the greater o1 
ess degree to which such work has been relieved by annealing. In 
annealed brass its previous history as to annealings, and as to 
the stages and amounts of cold rolling, exerts a notable influence 


nn the resulting hardness. In hard-rolled brass the hardening effect of 


Table I 
Variation in Hardness Tests, Made Upon a Single Homogeneous Sample 
ype of Test + Variation tn 

Percent Points 
Erichsen cup test—depth of cup 12% 
Shore test with universal hammer s 
Shore test with magnifier hammer 
Rockwell test 
Brinell test 
Fensile test—ultimate strength 1000 
Tensile test—elastic limit 1000 
Erichsen test—pressure per m.m. 

depth of cup at point of rupture. 


, 


3 
3 
pound 
pound 


rolling varies slightly according to the absolute thickness of the 
bar, as well as according to the manner of reduction—that 1s, 
whether a given percentage reduction is made in a single pass, or 
in several lighter passes. These differences appear in all the various 
hardness tests. Thus, brass of identical composition may show 
quite a range of hardness corresponding to a given temper, or 
corresponding to a specified anneal. 

The reliability of any test depends upon the care taken in pre- 
paring the specimens, and in conducting the test. When all due 
care is taken there will still be a certain variation between succes- 
sive tests on the same material, which is due to the machine used, 
and also to causes inherent in the test itself. This liability to vari- 
ation may be expressed in form of a percentage of the mean of 
many tests. It may also be expressed in “points” on the arbi 


trary scale used for any given test. In Table 1, the attempt is 


made to indicate approximately this variation, expressed in percent- 


age, and in some cases in points on the individual scales of hard- 


Ness, 


In cases where it is expressed in both forms it is to be un- 
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derstood that whichever is the greater, at any given point on 
scale, is the variation to be expected. 

If we now introduce a further source of variation, by tes: 
different specimens, of various manufacture, but purporting 


all the same, the variations given above will be considerably 


creased, as will be seen in Table II. 
Keeping in mind the above liability to variation, it is ; 
proper to consider mean values of hardness corresponding to 


Table II 
Variation in Hardness Tests, Made Upon Samples of Different Manufacture 


Type of Test + Variation in 
— Percent Point 


Erichsen cup test—depth of cup............ 20 
. Shore test with universal hammer........... 12% 
. Shore test with magnifier hammer... 
Sa fc! aN esac 8 
PI, ons pdéceceewcenes eee 
Tensile test—ultimate strength............. 9 3000 
per 
Tensile test—elastic limit...... Ss aes 2500 


Erichsen test—pressure per m.m... 
depth of cup at point of rupture. 


Table III 
Mean Hardness of Sheet Brass of Commerce 


Condition Per Shore Shore Rock- Brin- Ten. Tensile Pounds 
cent Univ. Mag. well nell Ulr. Elastic Pressur 
Reduc- ans 500 Str. Limit per mn 
tion Scale K.G. depth ot 
cup 
Annealed.... 19 20 54 46,000 11,000 314 
Y%Hard..... 11 35 44 82 52,500 30,000 
14 Hard..... 31 + 62 106 59,000 46,000 398 
asian est Ce : ‘ 75 137 72,000 66,000 495 
Ex. Hard... ; a 82 154 84,500 79,000 $28 
Spring..... : ; 9 162 92,000 88,000 








different tempers of sheet brass. These mean values are set forth 
in Table III and shown in Fig. 1. 

The following notes on various methods of testing are o! 
terest: 

Erichsen cup test—The ordinary Erichsen cup test give 
an indication of the drawing quality of metal of a given gage 
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Pock well, Shore and Brirell 


Pead Directly 


lensile Reads in 1000 Pounds 
Per Sgvare Inch 
| | 


Cup Pressure Read in 2000! 
)| Milograms Fer stam Depth 





LO 30 JO S50 
Per Cent eduction by Cold Frolling 


Fig. 1 Hardness Tests of Common High Sheet Brass 


thicker the sheet the deeper the cup. The only objection to 
test is its lability to large variation. A modification of the 
sen cup test 1s, however, of value. By measuring the pres- 
required to draw the cup, and expressing it as so much per 
depth of cup, we get a seemingly accurate and_ sensitive 
ire of the work hardness of sheet brass; also, be it remarked, 
eet steel. Naturally the pressure varies with the gage of 





TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING | Sept 


the metal tested, but for a given gage the 


Ve pressure per 
depth of cup appears to be almost exactly proportional t 
percentage reduction of the metal in cold rolling as will be 
from Fig. 1. 

The Shore test is one very frequently used on account 0! 
convenience and slight expense. It should be noted that 
upon metal less than 0.020 inches gage are not 


re 
consistent 
those obtained on thicker gages. Such results run low, especial) 


for ‘quarter hard” and “hard” tempers. 


The Rockwell test is convenient and has much to recommend 


its use. It is available on metal considerably thinner than may 
properly be tested under the Brinell machine. However, it can 
not be used on exceedingly soft metals where the Brinell machine 
can be used. 

The Brinell test, for specimens sufficiently thick, is probably 
more reliable than either the Shore or Rockwell, but the results 
are not comparative when used on brass thinner than 0.064 inches 
annealed, and 0.051 inches hard rolled, when 500 kilograms pres 
sure is applied to a 10 mm. ball. 

The tensile test gives a very reliable measure of the degre« 
of anneal, or of the amount of cold work to which sheet brass 
has been subjected. The main objection to the tensile test is the 
time and expense required for its application. It should be noted 
that the yield point cannot be obtained by the drop of the beam 
method, which is frequently used in testing steel. 
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EFFECT OF HEAT TREATMENT ON LATHE TOOL 
PERFORMANCE AND SOME OTHER PROPER 
TIES OF HIGH-SPEED STEELS 


By H. J. French, Jerome Strauss and T. G. Digges 


Prefatory Abstract 


This report is concerned with the time-temperature 
relation in the hardening and tempering of high-speed 
steels and their effects upon lathe tool performance, 
constitution and dimensional changes. Comparisons of 
endurance are also given at various cutting speeds of 
the four most important of the current steel types for 
roughing tools and the relative advantages and disad- 
vantages of each are discussed. In addition the “Taylor” 
and “Breakdown” tests for lathe tools are compared and 
some of the limitations of the former are described in 
detail. Finally the prevention and elimination of so-called 
“flaky fracturcs’ in the heat treatment of high-speed 
steels has been considered. 

The principal conclusions drawn from these tests 
may be summarized as follows: 

(1) The endurance of high-speed steels is affected 
to a marked degree by the high-heat temperature used in 
hardening and rises rapidly with increase above 2200 
degrees Fahr.\ However, a point is finally reached where 
a further temperature rise is no longer attended by a 
commensurate increase in the endurance and if high 
enough heats are employed, a decrease will be observed 
coincident with a partial melting of the steel. |} Under 
otherwise fixed conditions there is therefore a high-heat 
temperature which results in maximum endurance but 
this varies with composition. It is higher in the 18 
per cent tungsten than in the 13 per cent tungsten steels 
and is raised in both types by the addition of 3 to 5 
per cent cobalt.\ 

(2) The best hardening temperatures for the four 


‘Published by permission of the Director of the Bureau of Standards of the U. S. 
Department of Commerce. 


_ A paper to be presented before the annual convention of the So- 
iety, Pittsburgh, Oct. 8-12, 1923. Of the authors, H. J. French is 
/hysicist, Bureau of Standards; Jerome Strauss, material engineer, 
nited States Naval Gun Factory; and T. G. Digges, assistant physicist, 
sureau of Standards, all of Washington. Written discussion of this 
paper is invited. 


| 
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main types of high-speed steel, to be used as lathe tools 
under service, are considered to be about as 
follows: 


2350 degrees Fahr. for low tungsten-high vanadium 

steel 

2400 degrees Fahr. for high tungsten-low vanadiun 

and low tungsten-cobalt steels. 

2450 degrees Fahr. for high tungsten-cobalt steel 
These temperatures are a compromise between several 
factors including tool endurance and brittleness. 

(3) The endurance of /lugh-speed steels is like- 
wise dependent upon and within limits, increases with 
the time at high heat. In tests made with high tungsten- 
low-vanadium steel, iools held 3 minutes at 2280 degrees 
Fahr. had superior cndurcnee to those held 50 seconds at 
2400 degrees ahr. but were not as good as those subject d 
to the latter temperature for 142 minutes. Therefore, fo 
consistent results both time and temperature should b 
controlled by suitable instruments. 

(4) High-speed steels subjected to the severe serv 
ice described were found to have endurance characteristi 
of the high temperature treatment used in hardening and 
this was not modified to any great degree by any subs 
quent tempering up to and including 1100 degrees Falir 
However, the higher the tempering temperatures th 
tougher did the steel become. Thus the most important 
reason for tempering, in this case, is not increased en- 
durance Wut decrease in brittleness. | 

(3) Length shrinkage or expansion may be pro- 
duced in hardening a high-speed steel from a given tem- 
perature, if this is not too high, by varying the treatment 
prior to hardening. This includes both preliminary an 
nealing and the manner of heating for hardening. How 
ever, the higher the quenching temperature and th 
time at high heat, within limits ordinarily encountered 
in commercial heat treatment, the greater will be th 
expansion or, under certain conditions, the less will be tie 
shrinkage. Likewise tempering subsequent to hardening 
may be used to reduce original length shrinkage or ex- 
pansion but the final length will approximate the original 
only in certain cases. The tempering which will pro 
duce this ideal condition will vary widely in a given steel 
depending upon the previous history of the samples but 
in no case ts tt possible to completely compensate fo) 
hardening changes in two dimensions. 
| (6) Ina series.of tests on nickel steel forgings 


\ 
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which the cutting speed was varied from about 45 to 70 
feet per minute, high-speed steels containing about 3.5 
per cent cobalt had much greater endurance than th 
plain chromium-tungsten-vanadium steels. Under the 
most severe service the low tungsten-cobalt type was 
superior to the high tungsten-cobalt steel but at the low 
est speeds both had comparable endurance. Comparisons 
of the four steels tested when based on the breakdown 
test, showed the following average order of superiority: 
Per Cent 
Low tungsten-cobalt steel 
High tungsten-cobalt steel 
Low tungsten-high vanadium steel 
High tungsten-low vanadium steel 


(7) Low tungsten steels, with or without cobalt 
additions, are more sensitive to heat treatment than the 
high tungsten types. They are more brittle when hard 
ened for maxunum endurance but require lower harden 
ing temperatures than do the corresponding high tung 
sten steels. These features, in addition to comparisons 
of endurance, must be considered in selecting steels for 
particular service. No one type of high-speed steel meets 
all requirements but cach has its advantages and disad- 
vantages. 

(8) Both the “Breakdown” and “Taylor” tests 
have limitations and cannot wholly replace the method 
of using tools in the shop to determine just what they 
will do. However, much worthwhile information of 
practical value can be obtained in relatively short time 
by careful imterpretation and correct application of re- 
sults obtained by either test. | 

(9) In normal shop practice so-called “flaky” steel 
may be produced through the hardening of long lengths 
of lathe, planer and shaper tools followed by dressing 
operations in which only part of the previously hardened 
steel is heated to annealing temperatures which would 
ordinarily prevent its occurrence. As “flaked” steel is 
brittle and showed a tendency toward erratic results in 
lathe tests, its production is to be avoided. 

(10) Prevention of “flaky” fractures in ordinary 
high-speed stecl in heat treatment is much more simple 
than elimination and may be accomplished by annealing 
between successive hardening treatments. In no case 
when once produced, was complete elimination effected 
hy annealing alone though certain complicated treatments 
left mere traces of this structure upon rehardening 
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However, combined forging and annealing completely 
removed severe “flake” in all steels tested. In general 
the greater the reduction in forging the lower was the 
annealing temperature required for a cure (within 
limits ). 

(11) High tungsten-low vanadium steels offered 
the greatest resistance to the formation of “flake” and 
likewise to its elimination when once produced. 


INTRODUCTION 


In a previous report’ concerned with some limitations o{ 
the competitive “lathe breakdown test” and the endurance of vari 
ous modern high-speed steels, attention was called to the wide 
variations in heat treatment recommended by different manufac 
turers for steels of the same type intended for specific service 
For example, high heat temperatures from 2300 to 2500 degrees 
Fahr. and subsequent tempering from 450 to 1100 degrees Fahr 
were suggested and used by various producers for high tungsten 
low vanadium steels in two series of competitive tests. Like 
wise in the case of high tungsten steels containing colbalt one man 


ufacturer used a very high heat for a short time while another pre 
ferred a somewhat lower temperature for a longer time. 


Comparison of recommended treatments contained in tool steel 
catalogs of many producers shows as great if not a greater varia 
tion and a search of the technical literature reveals many opinions 
regarding the proper time-temperature relations for use in _ heat 
treatment but few experimental data from which detailed compar'- 
sons can be made. 

The present tests supplement those already described’ and 
were made to furnish information concerning the effects of such 
variables as high heat temperatures, time at high heat, manner ot 
preheating and tempering temperature upon the endurance of the 
four most important types of high-speed steel, namely, (a) low 
tungsten-high vanadium, (b) high tungsten-low vanadium, (c) low 
tungsten-cobalt and (d) high tungsten-cobalt steels. In addition 
a study was made of the effects of some of these variables upon 
dimensional changes in hardening to throw further light upon the dis 


(1) H. J. French and Jerome Strauss: ‘‘Lathe Breakdown Tests of Some Modern High 
Speed Tool Steels,” Transactions, American Society for Steel Treating, Vol. 2, No. 12 (>e! 
tember, 1922), page 1125; Bureau of Standards Technical Paper 228. 


(2) Refer to (1). 
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avreement in results recently reported by Grossmann and Spauld 


There was also carried out a limited study of the prevention 
and elimination of “flaky” fractures in order to complete what may 
pe characterized as a general investigation of the heat treatment 
of high-speed lathe tools, 


[Il MATERIALS AND MetTHODsS USED 


The chemical compositions of the several steels used in the 
tests to be described together with preliminary annealing  treat- 
ments are shown in Table I. In the heat treatment of these steels 
the time-temperature relations in all operations were carefully con- 
trolled and special precautions taken to obtain uniformity. This 
applies not only to the high heats and subsequent tempering but 
to preheating as well. Gas fired semimuffle furnaces were used 
in all cases except for tempering and for this operation oil baths 
or electrically heated muffles were employed. All temperatures 
were measured by platinum thermocouples and potentiometers and 
stop watches were used to control time at the high heat. 

In general, preheating was carried out by first warming the 
tools and then introducing them into a furnace held at 200 degree; 
ahr. below the desired temperature. The furnace temperature 
was then. slowly raised and upon reaching that desired was held 
constant for 20 minutes. In preheating samples for dimensional 
change determinations the steel was placed in a cold furnace which 
was then heated at less than 18 degrees Fahr. per minute to the 
specified preheating temperature. 


All tools had a cross section of '4 x % inch and were made 


from bars finished to this size in the mills. They were ground 


to front and side clearances of 6 degrees, side slope of 14 degrees, 
back slope of 8 degrees and had a nose radius of 1/8 inch. These 
angles are identical with those of the small tools used in previous 
tests and the same precautions were observed in carrying out the 
experiments as have already been described’. 

The cutting angle (tool to surface of the log) was 90 degrees 
and the tool nose was set at dead center. Except as otherwise 

(3) M. A. Grossmann: “The Change in Dimensions of High-Speed Steels in Heat 
Treatment, Transactions, American Society for Steel Treating, Vol. 2, No. 8 (May, 1922), 
page 691; discussion of the above paper, Vol. 2, No. 10 (July, 1922), page 890. 


(4) Refer to (1). 





OF 


S Ta 


f. 
=. 
~ 
~ 
~ 
~ 
f. 
~. 
~ 
~ 


TING Sept 


TRI 


EI 


FOR 


IN SOCIETY 


IMERIK 


] 


{avulutjeid 


Se 


s 
esq 


> aOVUIN 


> aoRUIN] 


aorusny 


aoeuin{ 
aovuiny 
aoeuinj 


eoeuing 


ast 


}UaW4APII} 


qei 


Jaye 
sinoy 
sinoy 


sinou 


sinou 
sinoy 
sinoy 


sunoy 


Zu 


A0091 
AO0091 
A.0091 
4.0091 


jns ult wu MOUS $e SJUSUIIPOI) 
SNOLIBA 


peso 


A-0091 ’ 
AcOO9T 24UON 
A.009T * 


29eP1 L 


29BI TL 


auoN 


710 
#00 
90 O 


'N 


VZ 
ra 

sO 
60 


90 
91 
I 
iT 


0 
0 070 
0 $10 
0 810 


0 Z10 
0 £10 
0 910 


0 610'0 


1S 


S 


ct 
0 $10°0 RZ 
0#10°0 II 


06700 ZZ 


0 86 
0 2409N OZ 
0 8% ¢ 10 
0 24UON Z9 


‘219 ‘sosueyo JPuOIsUsWIp 


0 Z10 0 6§ 
0770 0 GF 
0 ¢10°0 Tt 
[100 Ft 


d UW 


‘uotisodwos jeommeoyy 


juao sad 


0 euoN S8 
0 600 9 
0 . SZ 


¢ 6fF 


o-y 


OR § 
Le t 
9F 8 
8S 72 


I 
I 
I 
I 


17 9S 
C6 
Lt 
SO Ft 


79 0 
89°0 
#Z°0 


0 6619938 SICT,, 
UNIPBUBA MO[-UdIs3uUN} YsIPy 

3/8 qoo-UayssunNy ysipy 
WNhipeuea Yysiy-usissuny MO’] 


SUOIJBAIISGO 40} pue $189} 98SIJZASUPI] UI pesn 8]993$ 


£¢°8 


j 
- 


4 


VM 


I 
I 
I 
I 


6's 
+ 89 
t 89 


t 


4) 


+9 


0 UNIPPURA MO]-UsaIssuNy Yysipy 
0 WnIpeuea YSIy-Udis3uN4 MO'T 
0 i[PqGoo-uaissuNy YSipPy 

1/2@qoo-usyssunN} MO'y 


$389] 9Y4IL] UI pasn s]aaig 


1293 jo adA] 


‘pes; syusUuI vel] BuypeaUUY AreUTUT[AIg PUB pe}sa], 8[901g¢ peedg-YBIP{ 2Yy2 JO SUOFI;sOdUWIO7) [eDTWIAY") 


I P19® 





LATHE TOOL PERFORMANCE 


“rm Or 


iF) HOO SO 
MW Aw 


tion of 
Area 


the log axis 


Tensile Elonga- Redux 


Strength tion in 
1000 lb. 2 inches 


Tests parallel to 


Props r- 


tional 
Limit 1000 


Area 


tion of 


Pe 


Cent 


Tensile Elonga- Reduc- 


1000 |b. 2 inches 
per sq. 


Strength tion in 


Propor- 
tional 
Limit 1000 

per sq 


b 


Tests at 90 degrees to the log axis. 


| 


tests made 
at diam- 
eters shown 


S 
d 
@ 
~ 
D 
ow 
4 
~ 
5 
_ 
_ 
2? 
i 
o 
ee 
— 
-_— 
7 
tr 
= 
- 
& 
x 
_— 
5 
S 
oS 
A 
_ 
"= 
Q 
on 
2 
~~ 
= 
~ 
a. 
v 
= 
< 
s 
% 


Chemi 





TRANSACTIONS OF 
360 AMERICAN SOCIETY FOR STEEL TREATING | Septe: 
indicated the tools were run dry at 70 feet per minute, calcula 
at the bottom of cut, with a feed of 0.028 inch and a depth of 
of 3/16 inch. The chemical and physical properties of the 


logs used in each series of tests are shown in Table II. 
Ill ExPprerRIMENTAL RESULTS 


Variation in High Heat Temperature Versus Tool Endura 


The effects of varying high heat temperature on the endi 


(¢ 


ance of the four high-speed steels subjected to severe service 


ow tungsten - cobalt 


‘ 
g 
& 
: 
§ 


High- heat temperatures , aeq.F, 


Fig. 1—Effect of high heat temperature on the endurance 
of four high-speed steels. Steel compositions are given in 
Table I and the properties of the test logs in Table II. The 
peak of the curve for low tungsten-cobalt steel is dotted as 
many of the tools quenched from above 2400 degrees Fahr. 
were still cutting well and showed no signs of failure at the 
end of 60 minutes, at which all tests were stopped. The form 
of the curve is considered correct but the actual endurance 
values are approximate. 


in cutting nickel steel forgings are shown in Table III and re 
produced graphically in Fig. 1. Attention is called to the fact that 
the various steels were tested on four different sets of test 
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and even though these have comparable tensile properties no 


comparisons of cutting time are justified. The tests were 


to show the relation of performance to high ‘heat temperatu: 


each steel and a number of important features are revealed 

A given rise in quenching temperature above 2200 de 
ahr. produces a greater increase in endurance in low. tung 
steels, with or without cobalt additions, than in the high tun: 
types. In other words the slope of the high heat temperatur 
durance curves is not as high for the latter types as for the { 
er. As already reported® greater variations in Brinell and S| 
hardness are also encountered in the low tungsten steels wu 
varying thermal treatments so that it is safe to say that thes 
more sensitive to heat treatment than steels containing high 
per cent) tungsten, 

The general form of the curves shown in Fig. 1 is the 
for all steels and shows a very marked increase in endurance 
the high heat temperatures are raised. However, a point is fi 
reached where a further temperature rise is no longer attended 
a commensurate increas? in the endurance and if high enous 
heats are employed a decrease will be observed coincident wit! 
partial melting of the steel. 

Under otherwise fixed conditions there is. therefore a 
heat temperature which results in maximum endurance, but 
varies with composition. It is higher in the 18 per cent 
sten than in the 13 per cent tungsten steels and is ratsed in 
types by the addition of cobalt. 

Thus for maximum endurance extremely high temperatur 
in the neighborhood of 2500 degrees Fahr. are required for th 
high tungsten-cobalt steel, intermediate temperatures around 2450) 
degrees Fahr. for the low tungsten-cobalt and high tungsten low 
vanadium steels and the lowest temperature around 2400 degre 
Fahr. for the low tungsten-high vanadium steel. 

These temperatures are not recommended, however, for 
time factor is of great importance and there is danger of passing 
the “peak” of the curves shown in Fig. 1 by “over-exposur« 
the high heat. In addition, the steels, and particularly those 
taining 13 per cent tungsten, show a greater degree of brittleness 
than is desirable even in a lathe tool where adequate support 


(5) Refer to (1) 





rOO] PRREORMANC] 


7? 
YOO 


viven. Lhe best hardening temperature is therefore a compro 
e between the several factors mentioned and is considered to 


about as follows tor lathe tools treated and used under condi 


1) 


s similar to those of the present tests: 


For low tungsten-high vanadium steel about 2350 degrees Fahr. 


lor high tungsten-low vanadium steels about 2400 degrees Fahr 
lor low tungsten-cobalt steels about 2400 degrees Fahr. 


lor high tungsten-cobalt steel about 2450 degrees Fahr 


\While these tests show the extreme importance of high heat 


mperatures in hardening for development of maximum tool en 


urance they likewise have a direct bearing upon selection of 
‘els under given conditions of service. For example, the some 


hat greater sensitivity to heat treatment of the low — tungsten 
] 


Lees 


and the tact that they are more brittle than those containinz 


S per cent tungsten means greater variations in performance in 


hops where madequate heat treatment facilities are afforded ot 
nsufthcient care taken in handling tools and possibly also greate: 


' ] 
OO] 


breakage, though brittleness is generally of minimum impor 
tance in lathe roughing tools. 


Che higher the temperatures required in hardening the greater 


ill be the oxidation and scaling of the tools and deterioration of 


furnace equipment. Thus the very high heats required in the high 


tungsten-cobalt steel must have compensation in greater average tool 


endurance or some other feature for selection in competition with 


he other types. These features are merely mentioned at this time 


indicate the possible application of the data described. A more 
mplete discussion of these questions will be given in subsequent 
ections of this report. 
2. kffect of Tempering on Tool Performance 
lhe effects of various tempering temperatures subsequent to 
ardening upon the endurance of 


own in Table IV and Fig. 2. The best high heat temperatures, 


the four high-speed steels are 


previously determined, were used in each case but an additional 
of tests was carried out on the low tungsten-high vanadium 
eel after hardening from a low temperature (2200 degrees Fahr. ) 
this procedure when combined with a low temperature drawback 
recommended by a prominent manufacturer. Quenching directly 
lead was also tried as the properties developed by such treat 
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ment have often been discussed but the tools were so brittle 
no satisfactory endurance tests could be made. 

Variation in tempering temperature has only a minor etiect 
upon tool endurance under the described conditions of test thouch 
there is observed a slight increase in cutting time when temper 
ing between 600 and 1100 degrees Fahr. This effect is ny 
marked in the high tungsten-cobalt steel but is also shown in 


MIGH TUNGSTEN - COBALT 
EE = 


_. All tools 


Tool endurance i minutes 


: oe OS Ae 
0 200 #00 


600 
Tempering temperature ~ deg. F. 


Fig. 2—Effect of tempering temperature on the endurance of four-ch» .- 
high-speed steels first quenched from various temperatures. 


Steel compositions are given in Table I and properties of the test logs in Table |! 
two steels without cobalt. While the authors have already pointed 
out that endurance tests cannot be used with certainty in compat 
ing steels of nearly similar performance the consistent though small 
increases in samples tempered at 600 or 1100 degrees Fahr. over 
those tempered at 450, 900 degrees Fahr. or not at all is signifi 
cant especially as these effects coincide with the small changes in 
hardness found by many investigators. 

However, the most important reason for tempering between 
600 and 1100 degrees Fahr. (providing the tools have been prop 
erly hardened) is not increased endurance but decrease in brittle 
ness. This is of special importance in steels containing 13 per cent 
tungsten as shown by tool breakage noted in Table IV and con 
firmed by results of bend tests reproduced in Fig. 3. 

In other words, high-speed steels subjected to severe service 
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305 


e endurance characteristics of the high temperature treatment 


used in hardening and this is not modified to any great degree by 


iny subsequent variations in tempering up to and including 1100 


degree Fahr. This is well shown by the tests of low tungsten-high 


-anadium steel subjected to both low and high hardening -heats 


and various tempering temperatures (Table IV) and indicates the 


misleading nature of discussions based solely on hardness deter 


Table IV 


Effect of Tempering Temperature on the Endurance of Four High-Speed 
Hardened in Various Ways. 


Heat treatment (a) fool endurance in minutes 
ests 
Steel made High heat Temper Ist grind Re-grind 
N on Temp. Time ing l 2 3 4 l 2 } 
log deg in temp., 
No. Fahr. min- degrees 
utes Fah 
( Low tungsten-high vanadium steel 
5 2380 2 450 14.6 B 16.7 B 20.8 20.3 
600 ao 22.5 27.5 B38 2. 6 MF 6 6hU6Z 
“OO 13.8 14.8 20.6 11.3 19.5 17.0 23.8 
1100 .0  Bb.F 25.6 43:6 235.8 36.3 36.5 
2200 2 450 ee 7 an 6.5 1.6 1.9 1.2 3 4 
600 1.2 7.4 ave 6.0 2.0 5 so 
into 
2350 2 lead at B B B B B B B 


1100 degrees for 
30 min 


> High tungsten-low vanadium steel 
12 2400 1h None 10.2 B ave B 8.0 -12,] 7.9 
450 37 38.4 6.8 10.3 12.6 B 7.3 
600 Ss 26:8 Be .ca 2 22s 8 6 Ft 4 
900 11.8 9.7 9.2 oe gace 88.3 
1100 ite Ob FE. FE.2 Sie . 6.2 8.6 
\ Low tungsten-cobalt steel 
10 2400 Lhe None B B B B B B B 
450 3.8 1.9 2.6 B 1.0 3 9 B 
900 ;. 2 4.3 3.0 4.0 3.9 3.6 2 6 
1100 +.0 5.1 3.9 5.8 4.3 1.0 1.9 
High tungsten-cobalt steel 
11 2450 14 None 19.0 B 13.5 B is.8 3.6 B 
450 2 2. 2a.5 7.3. 33.8 23-8 
600 a8. Boxe 2e.8 2h.9 36:50 2O.2 2h.2 
900 i.)  -F 7.4. aon Bee 20.5 49.9 
1100 a7.6 2.6 22.6. 26.6 26.9 18:2 20:7 


Tool Steels 


Aver 


| age 


tests 


10 0 16.5 


0.§ +0 
2.9 +] 
B B 
B 10.1 
1O.S 
10.9 12.4 
o.2 kas 
ee: Bhar 
B 3 


i) All tools placed in preheating furnace at 1400 degrees Fahr.; raised to 1600 degrees Fah 


ld 20 minutes; then introduced into the high-heat furnace at temperatures shown 
quenched in Houghton’s No. 2 soluble quenching oil and subsequently tempered for 


it various temperatures as indicated. 


B Tool broke. 


mination which, as has repeatedly been shown. have 


relation to tool performance. 


Lhe y 


30 min 


no direct 


While the data presented in lig. 3 are self-explanatory atten 


tion should be called to the very high values for maximum fiber 


stress obtained in the bend tests of the high tungsten-low vanadium 


steel. In addition to being able to withstand higher stress than 
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sept 


the low tungsten-high vanadium steel greater deformation 
absorbed before failure will occur. 


Constitutional Changes in High-Speed Steels With Heat 


ment 


The very marked increase in endurance in high-speed 
with rise in quenching temperature is of both practical and thx 
cal interest especially as the lathe tests were so severe that 


nose of each tool was raised to a red heat readily visible in dif 


daylight, the temperature being certainly not less than 1400 


700 - sneonasnineeneninpsdsarensinatina 
MAX. FIBRE STRESS 
— — —_ - ? 7 
high tungsten steel 


Low tungsten stee! oz" | 
— + — - _ — 


i | Steel WH tirst oil quenched 
from 24007 ; “2° from 2350F : 
ot  Cmpered 43 shown 


.Y 
§ 
r 
< 
Y 
3 
$ 
& 


Tests made on jn. dian. bars 
and with a bin. 3an ~ load 
at center 


DEFLECTION JUST PRIOR TO RUPTURE 


High tumgsten steel) "H” 


5 ado 


400 600 rf 7200 
Tempering temperature - deg. Ff. 








Fig. 3--Effect of tempering temperature on the brittleness of hardened 
high-speed steels as shown by bend tests. 
grees Fahr. In other words, the effective portion of the tool 
operating at a temperature above that required to decompose | 
martensitic groundmass and, according to Shore and Brinell |) 
ness determinations, is soft. It is therefore not surprising 
variations in tempering temperature produced only minor chan: 


in endurance and that tools showed performance generally cha 
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istic of the high temperature treatment to which they were o1 
nally subjected. 

The constitutional changes in high-speed steels under vary 

y thermal treatments have been studied by a number of investi 

vators who have made use of hardness determinations, microscopic 

examinations, volume changes and magnetic and thermal analysis, 


but it is improbable that any explanations so far advance | 


for the observed effects are wholly correct. For this reason any 


further data which might throw light upon the nature of the reac 
tions involved should be of special interest. 

Edwards and Kikkawa® consider that the variations in proper 
ties of high-speed steels with rise in quenching temperature are 
largely due to an increase in the amount of tungsten brought into 
solution for when low hardening temperatures were used for their 
high-speed steels the tempering properties approximated those of 
plain chromium steels. On the other hand, Honda and Murakami‘ 
believe that solution of the carbides is followed by a further re 
action according to the following equation: 

Cr 
and that the higher the quenching temperature the more this 
change proceeds from left to right. 

To throw light upon the changes which take place thermal 
analysis was made of samples first quenched from various high 
heat temperatures and the results are given in Fig. 4. Such 
tests have already been carried out by a number of investigators 
hut in all cases which have been brought to the attention of the 
authors the heating curves subsequent to hardening have been 
restricted to temperatures below about 1700 degrees Fahr. In view 
of the well known ability of Iigh-speed steels to cut while at 
red heat complete tempering or reversal of the changes which oc 
cur in the process of hardening cannot take place rapidly in the 
ranges already covered. It was therefore believed advisable to ob 
tain thermal curves up to higher temperatures including 2100 de 
grees Fahr. 

6) ©. A. Edwards and H. Kikkawa: The Effect of Chromium and ‘Tungsten upon 


Hardening and Tempering of High-Speed Steels,” Journal, Tron and Steel Institute, 92, 
part 2, page 6. 


K. Honda and T. Murakami: “On the Strvetural Constitution of High-Speed Steel 
‘ining Chromium and Tungsten and the Effect of these Elements on its Hardening and 
ring,’ Seienee Reports of Tohoku Imperial University, Ist Series, 9, page 143 (1920) 





TRANSACTIONS OF 

368 IMERICAN SOCIETY FOR STEEL TREATING Septe: 
Evidently a rise in the original quenching temperature f 

2200 to 2500 degrees Fahr. causes one or more molecular or at 

rearrangements or, to express this somewhat differently, chai 

take place in the combinations of carbon, chromium, tungsten 

vanadium in solid solution for the Ac, transformation found y 


gvernched 
from 
2300°F 


frst 
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Fig. 4—Thermal analysis of high-speed steels first annealed or quenched fron 
ous high-heat temperatures. Steel compositions are given in Table I. 


reheating the sample first quenched from 2200 degrees Fahr. 1s 
gradually suppressed and then split as the initial hardening temper 
ature is raised. The intensity of this “normal” Ac, point decreases 
as that of the new points, which appear at higher temperatures, 
increases. 

The changes accompanied by these thermal effects, shown 
in detail in Fig. 4, are undoubtedly related in part to the tungsten 
and not restricted to the chromium as intimated by Honda and 
Murakami for the highest point occurs at a much higher tempe' 
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ture in both high-tungsten steels than in those containing low 

gsten. However, a simple change in the proportion of tungsten 
ij solution, as suggested by Edwards and Kikkawa, does not seem 
to be an adequate explanation. Under such conditions the “nor- 
imal’ Ac, should merely increase in intensity with the proportion 
of tungsten originally dissolved which, in turn, would increase with 
the high heat temperature and time in the initial hardening. A 
cradual elevation and widening of the heat effect might be ob- 
served but no such splitting as is shown in Fig. 4. 

The marked increase in endurance in high-speed steels with 
rise in quenching temperature is therefore related to one or 
more atomic or molecular changes, probably of tungsten ‘and 
possibly also of vanadium and chromium in solid solution, which 
take place between 2200 and 2500 degrees Fahr. Their reversal 
is sluggish as shown by the high temperatures at which the thermal 
effects occur on reheating and by the fact that hardened tools will, 
as in the described tests, operate for short periods at temperatures 
well above that at which the martensitic groundmass is decomposed. 
So-called red hardness is a function of these reactions and bears 
no relation to secondary hardening obtained when tempering at 
about 1100 degrees Fahr. Such tempering reduces brittleness 
by changing the constitution of the groundmass in hardened high- 
speed steels but it is the quantity and characteristics of the con- 
stituents formed at temperatures between about 2200 and 2500 
degrees Fahr. that largely determines the tool endurance in severe 
service and resists the high temperature abrasion which “gutters” 
and wears away the nose of the tool and ultimately causes failure 
4. Effect of time at high heat and manner of heating on tool 

endurance 

\s the heat treatment of high-speed steels is now ordinarily 
carried out accurate control of temperatures is maintained but in 


many instances the time factor is left to the judgment of the 
iurnace operator or tool hardener. The part played by tempera- 


ture variations in both hardening and tempering have already been 
discussed and in order to show the effects of the time element tests 


were made of tools first heated in various ways and quenched from 
a given temperature or held in the high heat furnace for different 
intervals. Results are given in Tables V and VI. 
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It will be noted that tools held in the high heat furna 
3 minutes at 2280 degrees Fahr. have an endurance of 12.2 mi; 
while those held for half this time at 2400 degrees Fahr. cont 
to cut under the same conditions of test for 16.1 minutes. 


tex 


short time at the higher heat has given an increase of 32 per cen 
in endurance over the long time at the lower temperature whereas 


Table V 


Effect of Time at Various High-Heat Temperatures on the Endurance of High 
Tungsten-Low Vanadium Steel ‘‘D.”’ 


Preheat High Heat (a) Tool endurance in minutes (b) 
lemp., Time Temp., Time Ist Grind Re-grind \ 
deg. F. in deg. F. in l 2 3 4 l 2 3 } 
Min. Min. 
1600 20 2280 3 c.6 29-3708 3.2: 927° WF 7.7 
1600 20 2400 50sec. 6.6 6.8 10.3 9.6 8.5 6.1 8.8 a3 
1600 20 2400 ive SS See Oe ESS C.F  H-S .Z 85.8 


(a) All tools quenched in oil and subsequently tempered for 30 minutes at 1100°F 


b) Tests made on log. No. 16. 


in the first series of tests in which all tools were held for 
times at various high heat temperatures a change from 22s 
2400 degrees Fahr. has increased tool endurance by 121 per cent 
\While these two series of tests were carried out on different tes 
logs the observed variations are large enough to establish th 
importance of time at high heat in determining tool performance 
further confirmation is contained in Table VI for the tools whi 
were not preheated but held in the high heat furnace at 2400 d 


grees Fahr. for 2'4 minutes are superior to those subjected 


Table VI 


Effect of Manner of Heating on the Endurance of High Tungsten-Low Vanadium 
Steel ““D”’ 


Preheat High heat (a) Tool endurance in minutes (b) 
Temp., Time Temp., Time Ist Grind Re-grind 
deg. F. in deg. F. in l 2 3 4 l 2 3 t 
Min. Min 
None 2400 am. 89.8 35,6, 6 26.2. Shit D6. .2a4,. 21.4 
1400 20 2400 115 13.8 5.6 8.2 9.5 88.5 3.7 11.0 
1600 20 2400 i oF. wee. Se.8 423.3 5.2 14.2 oe 83.1 
1700 20 2400 1 13.7 $.3 2.2: 136 45.8 14.0 
(a) All tools quenched in oil and subsequently tempered for 30 minutes at 1100°F 


(b) Tests made on log. No. 12. 


this high heat for a shorter time after preheating at various te! 
peratures. No marked differences in performance are observe( 
when the preheating temperature is varied from 1400 to 17} 
degrees Fahr. 

It may therefore be said that variations in the mannet 
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Insofar as they 
the time at which the tools are at the high heat temperature 






cases where very short immersion js used, as they modify 






iximum temperature attained by the working portions of the 






[he time at high heat is of prime mmportance for the longer 
mersion in the high heat 






furnace at a given temperature 
n limits) the higher will be the endurance. [1 







is therefore 






Lo obtain 











Dimenstonal 





changes in heat treatment 






he foregoing discussions have been restricted to the effects of 






eatment upon lathe tool performance and the constitution ol 






peed steels. Frequently, however, as in form cutters. taps 








tc., control of dimensional changes becomes of considerable 





ance but there is a scarcity of accurate data relating to this 






nn The need for additional information is wel] emphasized 







apparent discrepancies in test results recently reported )y 
) and Spalding’. The latter stated that “it has been 


neral experience that a high speed steel will shrink in hard 





nann 






whereas the former found length expansion in every case 







low Variations in or lack of control of variables which might 






account for the observed ditferences. leor example, the pre 






1 
I 





y annealing treatments and time at high heat temperature ; 






might largely affect the degreé of solution of the various 






tuents, the molecular changes in the hardening operations and 






the volume changes are not described in detail, 






he test specimens used im this investigation were of the form 





inensions shown in Fig. 5. Care was taken to 





have the 





chuck in a surface grinder, In all «cases the test specimen 
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ordinarily used for high-speed steels the end surfaces were 
tected by steel caps as shown in Fig. 5. Whether this has ap 
effect upon the observed changes is immaterial in this case as all 
samples were handled in the same manner and the results 
therefore comparable. 


Length changes were determined in hundred thousandths 
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Fig. 5—Type of test specimen used in 
determining dimensional changes of high- 
speed steels under varying heat treatments. 
an inch at four points, and diameter at two, with a Pratt & 
Whitney measuring machine. All determinations were made 
within a few hours after treatment by comparison with a standard 
chrome-steel block at temperatures between 20 and 22 degrees Cent. 
In the heating and@ cooling of any steel for hardening constitu- 
tional changes take place which, as is well known, are accompanied 
by volume changes. However, in both operations as ordinarily 
carried out, heat transfer takes place through the metal surfaces 
and if either the heating or cooling is rapid for samples of ap- 
preciable size tentperature gradients are established which introduce 
stresses in the metal. The magnitude and direction of these stresses 
appear to be functions of the chemical and physical constitution ot 
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the steel, the size and shape of the piece, the temperature gradients 
which, in turn, are dependent on the temperature difference be- 
tween the specimen and the heating unit and their relative thermal 
capacities, etc. If these stresses are induced at relatively high 
temperatures at which the steel is soft and plastic then flow results 
and a change in dimensions though not necessarily a change in 
volume is observed; if at relatively low temperatures where the 
steel is hard and more or less brittle and unable to deform readily 
severe stresses produce cracking. 

The dimensional changes shown in subsequent Figures and 
Tables are the result of constitutional volume changes and the ei- 
fects due to thermal gradients arising from rapid heating or cooling 
The latter which will be referred to as “distortion” are, of course, 
dependent to some degree upon the former but in a given set of 
tests the magnitude of each may be approximated by the method 
used in ‘the work of the Gage Steel Committee“). The constitu- 
tional length changes may be approximated from changes in 
specific volume on the assumption that these effects take place 
equally in all directions. The difference between this and the 
total observed changes may then be taken as a measure of “distor- 
tion.” This procedure has been followed in a number of cases 
to throw light upon the effects produced by several of the variables 
considered. 

As shown in Table VII dimensional changes under a given 
hardening treatment may be greatly modified by variations in 
the original condition of the steel. For example, specimens A2 
and A5 which were not specially annealed but treated in the ‘‘as 
received” condition increased in length upon quenching from 2300 
degrees Fahr. whereas samples A-13 and A-20, which were first 
annealed and then quenched, decreased in length. As the harden- 
ing was the same in both cases, the observed variations must 
have been due in large part to the form and quantity of the various 
constituents originally in solution. This immediately suggests the 
desirability of a study of the annealing of high-speed steels for 
it should be possible to so vary preliminary treatments that pieces 
of given size and shape would show exceedingly small length 
changes upon hardening. However, it is not possible to practically 
eliminate changes in both length and diameter. 


; (10) Unpublished monthly progress reports from the Bureau of Standards to the “Gage 
Steel Committee,’’ prepared by H. Scott. 
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Likewise dimensional changes may be modified to some 
by stresses induced in machining. This is shown in comp 


of specimens A-13 and A-14 with A-18 and A-20. The 
were first machined and then annealed while the latter wer 


ilarly annealed and then machined. Evidently machining ¢t; 


in the case cited tended to shorten the test specimens for 
relief an expansion took place which reduced in part the n 
shrinkage observed in hardening. It is probable, however, that 


etfects will vary widely and cause either expansion or shri 


Table VII 


Effect of Varying Conditions of Treatment upon Dimensional Changes in Hardeniy 
High-Speed Steel. 


Dimensional changes 
Heat Treatment in Inch xl0* 
(steel A 34 of Table I.) Length Diameter 


Machined and then annealed 2 hrs. at 1600 degrees Fahr 


1600 degrees Fahr.-20 min.; 2300 degrees Fahr.-2 % min.; 


oil 
No preheat; 2300 degrees Fahr.-5 min.; oil 


Annealed 2 hrs. at 1600 degrees Fahr. and then machined. 


1600 degrees Fahr.-20 min.; 2300 degrees Fahr.-2}4 min.; 
oil. 
No preheat; 2300 degrees Fahr.-5 min.; oil 


As supplied by the mill. 


1600 degrees Fahr.-20 min.; 2300 degrees Fahr 
oil 

1600 degrees Fahr.-20 min.; 2300 degrees Fahr.-2 
oil 

No preheat; 2300 degrees Fahr.-5 min.; oil 

No preheat; 2300 degrees Fahr.-4 min.; oil 

No preheat; 2300 degrees Fahr.-4 min.; oil 


depending upon the exact conditions under which the specimens 
prepared. 

The effects of variation in high heat. temperature and 
time at high heat upon dimensional changes in_ hardening 
shown in Table VIII and Fig. 6. It will be observed that 
temperature and time are of prime importance in_ control! 
dimensional changes for with increase in either a marked incr 
in length expansion occurs. Methods which include careful conti 
of temperatures but disregard of the time factor will there! 
not give consistent results and it is probable that many 0! 
variations encountered in production in parts made from 
same bars of steel are due to the practice of leaving cont 
of time to the judgment of the furnace operator. 

In order to throw further light upon the importance 01 
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in hardening, a number of samples were preheated 
ways or not at all and dimensional changes noted. The 
ogether with approximation of the constitutional length 
md “distortion” are given in Table IX. Holding the 
n the high heat furnace for five minutes without pre 


as not brought about as great a degree of solution of 


stituents as halt this time subsequent to the ordinary 





Elect of igh eat 
time of higa 
[tungsten | > 


Effect of high heat | 
temperature an high 


| 


2300 
High heat temperature ~ deg.F. 
2.0 25 3.0 a¥ 4.0 
Time in high heat furnace in minutes 
(at 2400°F ) 


6—Effect of high-heat temperature and time in the _ high-heat 
e at 2400 degrees Fahr. on the length changes of high-speed steels 
sitions of steels used in these experiments are given in Table | 
gh-tungsten steel used is H and the cobalt steel is CC 


of preheating at 1400 to 1700 degrees Fahr. Also in the 
ase the distortion is in the nature of a shrinkage whereas 
preheating is used the effect of distortion is to elon- 

the sample. These variations which are due to the differ- 
the thermal stresses induced during heating and cooling 
large and not difficult to explain. Distortion in the 

( specimens is largely due to the stresses induced in 
s a very slow heating rate was used until the sample was 
d into the high heat furnace. The conditions obtaining 
apid cooling in oil tend to shrink the sample. On _ the 
id introduction directly into the high heat furnace, without 
g, sets up large thermal gradients which induce stresses 
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of considerable magnitude that tend to elongate the outer 
of the cylinders where the length determinations were made. 
heating effect is great enough to more than counterbalance {he 
tendency to shrink during cooling so that the sum total of distc 


()T- 
i 


his 


tion effects in heating and cooling in this case is an expansion 


Table VIII 


Effect of High-Heat Temperatures and Time on Dimensional Changes in Hardening | 
diam. x 4’ Cylinders of High-Speed Steel. 


- —————H igh heat (a) ———_—__—______—_ 
Temperature, Time in 
egrees minutes 
Fahrenheit 
High tungsten-cobalt steel “CC” of Table I. 
2350 


Dimensional changes in Inch x10+ 
Length Diameter 


Our 


Av. 
2400 
2450 


Iwo WM Re DO 
Wow 


Av. 

2500 2% 
High tungsten-low vanadium steel ‘“‘H’’ of Table I. 
2360 1% +13. 
2400 5 +27 
+19. 
Av. +23. 
2400 i +47. 
+46. 5 
Av. +46. +14.6 
2400 +69 +10.6 


(a) Samples heated at less than 18 degrees Fahr., per minute to 1700 degrees Fahr.; held 20 


minutes and introduced into high-heat furnace at temperatures shcwn; after holding for s1 
time they were oil quenched. 


o 
w~ NNMAN N — oO 


++++4+ + +++ 


+ 6./ 
+17 
+14.7 
+16.3 
+14 
+14 


WU CoA coo & 


e 


As previously stated all iength changes were determined at 
four points near the circumference of the cylinders and measure- 
ments before and after heat treatment were made at approximately 
the same points. The results discussed are therefore representative 
of the average changes but it is to be noted that the cylinder 
ends, which were nearly parallel and moderately plane surfaces 
before hardening, showed warpage in all cases. This should not 
be confused with the term “distortion,” as used in this report, 
which refers to that portion of the total length changes, measured 
at fixed points, which were caused by thermal gradients in heating 
and cooling. 

The variations in dimensional changes encountered in hardening 
a given steel from one temperature are real for, as shown in lig 
7, the differences are maintained after tempering at temperatures 
up to 1100 degrees Fahr. While the length change-tempering 
temperature curves are all parallel and show a decrease in the 
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> yy 
I/4/ 


expansion with rise in tempering temperature up to 900 degrees 
Fahr. and subsequently an expansion, only two 


pass through 
vero. The original length change in hardening has been obliterated 


in one when tempering at about 450 and in the other at 700 degrees 
Fahr. Tempering may therefore be used to reduce any length 
expansion or shrinkage obtained in hardening but it is only in 


Table IX 


Effect of Manner of Heating Upon Dimensional Changes in Hardening 1’’ Diam. x 4’’ 
Cylinders of High-Speed Steel. 


Heat treatment (a) Dimensional changes in Inch 


Change in Length 
x10+ 


Specific Distortion (c) 
Volume, (b) in Inch xl0* 
Per cent 


Preheat, High heat 
deg. F. deg. F. Length Diameter 
Low tungsten-high vanadium steel *‘Z”’ 
None 2350 +18.0 + +0.08 
1400 2350 +11.6 +. +0.18 
Low tungsten-high vanadium steel “‘A 34’’. 
None 2300 — 0.3 +11 +0.27 
1600 2300 i: +11 +0. 30 
High tungsten-low vanadium steel ‘‘H’’. 
None 2400 +55. +14 
1700 2400 +23.8 +16.3 
High tungsten-cobalt steel ““CC’’. 
None 2450 +66 + 6.0 +0. 40 
‘5 
5 


+-() 36 
+0.38 


1400 2450 +40 + 3. +0 
1700 2450 +36. + 3.3 +0 
(a) Specimens raised at less than 18 degrees Fahr., per minute to specified preheating tem 


perature, held 20 minutes and introduced into high-heat furnace. After 214 minutes oil quenched. 
When no preheat was used the specimens were held 5 minutes in the high-heat furnace. 
Pp Pp 


(b) These values calculated from density determinations before and after hardening. 


(c) Length distortion is the difference between total observed changes (4th column) and 
those resulting from constituional changes in hardening; the latter may be approximated from per 
cent change in specific volume on the assumption that this effect is uniform in all directions. 


certain cases that the length after treatment will approximate that 
of the original sample. 


The foregoing discussion and the importance of the results 
may be summarized as follows: 

(a) Length shrinkage or expansion may be produced in 
hardening a high-speed steel from a given temperature (if not too 
high) by varying the treatment prior to quenching. This includes 
both preliminary annealing and the manner of heating for harden- 


Ing. 


(b) However, the higher the quenching temperature and the 


time at high heat, within limits ordinarily encountered in com- 
mercial heat treatment, the greater will be the expansion or, 
with certain initial conditions of the metal, the less will be the 
shrinkage. 


(c) Tempering up to 900 or 1000 degrees Fahr. subsequent 
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to hardening will reduce the original expansion or increa 
shrinkage but the final length will approximate the original o 
certain cases. The tempering which will produce this ideal 
tion will vary widely in a given steel depending upon the pr 
history of the samples. 


(d) kor. consistent results with respect to dimes 


_ ——— gE 


C,a% (7,22) W, 138 YV, 0% 
Preheat and high heat temperatures ad tumes, etc 


$$ _ 





-——_——, 
| 
-ae y 
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+O— ——O— 
§ nn aa 
| 
i 
\3+40} 
et 
iS 
|x 
LS 
iS 
\S+20 | 
iS 
is 
if 
IS 
ro 
-/0 
Qo 220 400 600 800 /000 /200 
Tempering temperature - deg. F. 
Fig 7 Kffect of tempering on the length changes of a_ high-s 
steel first hardened in various ways Form i test specimen used 


in Fig. 5, 


changes the time factor in all heat treatment operations a 
as the temperature must be under complete control. 

The practical value of having detailed information 0! 
tvpe discussed has been emphasized in a case recently brouglit 
the attention of the authors. Hobs for cutting hard _ steel 
required in a plant without suitable grinding equipment. | 
steels were unsatisfactory for the work to be done while high 
steels, because of their exceptional resistance to fracture \ 
subjected to transverse bending stresses, appeared most desu 
With complete information regarding the effects of various 
liminary treatments, the manner of heating, the high heat tem] 
ture and time, ete., upon dimensional changes in heat treat 
it would have been comparatively easy to keep the length cha! 


below a= prescribed minimum so. that ‘final grinding coul 


omitted. 
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flect of Variation in Cutting Speed on the Performance of 
Various High Speed Steels 

Considerable attention was paid in an earlier report"! to 

omparative endurance of various types of high-speed steel 

ubjected to severe service in cutting nickel steel forgings at 

tween 60 and 67 feet per minute. However, the high frictional 


A * low tungsten - cobalt steed 2400°F -o:l; tempered at //00°F 
B* /ligh lungsten- cobalt steel 24350% -o; tempered at 00°F 
C + Low tungsten- high vanadwr steel 2350°F - oil; tempered at //00°F 


D+ igh tungsten - /ow vanadivin Sstéel 2400°°- oil, tempered at 1)00°F 





eed 





fpr abe nsec 


Joa endurance ip minutes 


8 Effect of cutting speed on the endurance of four types of high-speed stee 
nickel steel forgings Details of test results are given in Table NX; properties ot 
in Table Il, and tool angles, depth of cut, ete., in the text at the beginning 
report 


temperatures produced in these tests are rarely if ever encountered 
mmercial work as coolants are used or the tools are not 
tired to operate with heavy cuts and feeds at such high speeds. 
parisons based on severe duty might not necessarily hold under 
nore moderate service, as indicated by tests already described in 
hich varying feeds were employed, so that all four steels con- 
lered in this report were run on one set of test logs with fixed 
ind depth of cut and speeds varying from about 45 to 70 feet 
minute. The results obtained are shown in detail in Table X 
reproduced graphically in Fig. &. 


he general shape of the cutting speed—-endurance curves 
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is the same for the four steels and quite similar to the data 
sented for original high-speed steels by Taylor’). How: 
the relative performance of steels A, B, C and D varies at diff 
cutting speeds as shown in Table XI, though the general orde 
superiority does not change except in the case of steels A and 3 


1 


at low cutting speeds but this cannot be taken too. serio; 


Table X 


Effect of Cutting Speed on the Endurance of Four High-Speed Steels. 


Cutting — —Tool Endurance in Minutes 
Speed ft. - Ist grind Re-grind 
per min. at On log. 13° On log. 10 On log. 15 On log. 14 Average 
bottom of cut l 2 3 4 l 2? 3 . all 
tests 


Low tungsten-high vanadium steel “‘C’’. 1600 degrees Fahr.-20 min.; then 2350 degree 
1% min. oil; tempered 1100 degrees Fahr.-30 min. 
70 2.8 70 2 3 


2 2 2.6 7 2.0 1.5 1.8 2.2 
60 8.0 2.5 12.6 8.4 ie 3.8 6.5 4.6 6.4 
50 22.6 79:0 3:6 @.5 23.0 324.5 23.3 4.3 47 
45 7.s £2.06 8. C.D 27.8. 25.2% . 38.3. -33.2 €.4 


High tungsten-low vanadium steel “‘D’’. 1600 degrees Fahr.-20 min.; then 2400 degrees | 


14% min. oil; tempered 1100 degrees Fahr.-30 min. 
70 2.0 laa 1.6 s bm ee. 0.6 1.7 1.4 
60 5.5 10.3 3.3 6.5 3.4 9 3.0 5.4 - 
50 7 hee 20.6 38:3 21.0 M2 45:6 
45 ..5 42.7 ° 36.6 6.6 2. 6.3 38.5 23:2 32:3 
40 90.5 76.0 (83.2) 
Low tungsten-cobalt steel “‘A’’. 1600 degrees Fahr.-20 min.; then 2400 degrees Fahr.-1 
oil; tempered 1100 degrees Fahr.-30 min. 
70 3.0 5.4 3.5 3.0 2.9 ,.a 2.6 2.4 2 
60 6.4 7.4 9.8 15.7 13.0 6.5 9.9 10.4 9.9 
55 i.0 83.2 23.2 22.) 4BSe..W.C 12.2 63.3 16.) 
50 o.6 34.9 66:6 4.9 25.9 27.3 @.35 26:3 32.4 
High tungsten-cobalt steel “*B’’. 1600 degrees Fahr.-2 


O min.; then 2450 degrees Fahr.-|] 
oil; tempered 1100 degrees Fahr.-30 min. 
70 3.3 


3.3 4.5 2.9 3.8 2.3 > 7 Zia 2.9 3.1 
60 5.3 5.4 10.4 14.8 8.7 8.5 2.9 4.8 7.6 
55 13.6 9.1 17.3 17.9 8.6 16.7 14.5 18.8 14.6 
SO 50.0 23.6 45.6 40.2 29.9 21.0 29.2 34.2 


for the authors have already pointed out that the breakdown test 
is not to be relied upon for comparisons of steels having nearly 
similar endurance. 

It likewise appears from Fig. 8 that curve A is more nearl) 
paralled to C (low-tungsten steels with and without cobalt) than 
to the other curves and B to D (high-tungsten steels with and 
without cobalt). It is true that these differences are small bu 
are worthy of attention as they are consistent with othier 
effects already described which show that low-tungsten steels 
have somewhat different properties than those containing high 
tungsten; the addition of about 3.5 per cent cobalt moclifics 


(12) F. W. Taylor: “On the Art of Cutting Metals,’ Transactions, American >» 
of Mechanical Engineers, 1906. 





LATHE TOOL PERFORMANCE 381 


xe properties but does not appreciably change the characteristics 

the two types. 

\s shown in Fig. 8 high-speed steels containing cobalt have 
much greater endurance at all cutting speeds than the plain 
chromium-tungsten-vanadium _ steels. Under the most severe 
service the low tungsten-cobalt type is superior to the high tungsten- 
cobalt steel but at the lowest speeds both have comparable en- 
durance. The choice between these two, under such conditions, 


would therefore depend upon other factors. or example, it 


Table XI 


Comparisons of Various Types of High-Speed Steel on the Basis of the ‘‘Breakdown’”’ 
and ‘*Taylor’’ Tests. (a) 


Relative 
Cutting Perform 
speed, ft. lool ance as 
per min. Kndur per cent Order of 
at bottom ance in of steel Superior 


of cut minutes \ ity 
si Taylor Test” 
vy tungsten-cobalt 3. ¢ 20 100 
High tungsten-cobalt 3 20 99 ? 
vy tungsten-high vanadium 51.3 20 95.7 
High tungsten-low vanadium 48 20 0) 
‘Breakdown Test” 
v tungsten-cobalt / a 100 
High tungsten-cobalt 93 
66 
42 
100 


w tungsten-high vanadium 
High tungsten-low vanadium 


—Iv eH 


Low tungsten-cobalt 


1 


High Tungsten-cobait 

w tungsten-high vanadium 
High tungsten-low vanadium 

Vv tungsten-cobalt 50 
High tungsten-cobalt 50 


6 
$3 
100 
105 
76 


Q 46 
r details of test results from which these computations were made refer to Table 


Sit Ie VIO 





Low tungsten-high vanadium 50 
High tungsten-low vanadium 50 


ee ee NO et 


mm PS wee we 


has already been shown (refer to Section I[II-2) that low tungsten 
steels (with or without cobalt additions) are more brittle than the 
high tungsten types but require lower hardening heats for best 
performance. Thus in cases where brittleness is of prime im- 
portance the high tungsten cobalt steel B, would be preferred; in 
cases where minimum oxidation and a clean surface on the treated 
tool is desired the low tungsten-cobalt steel has a decided advan- 
tage. In any case the choice would be dependent upon a number 
of factors in addition to endurance which have been discussed 
throughout various sections of this report. 


It will also be noted that the endurance of the low tungsten- 
vanadium steel is much greater than that of the high tung- 
sten-low vanadiaum type at any of the speeds considered. This 


high 
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is im agreement with and supplements results obtained i 
authors’ previous tests with larger tools and requires no fu 
comments except to call attention to the fact that the heat 

ments used for the several types of steels in the present im 
were first shown to produce the best tool performance in 

service, 


As the order of superiority does not change except i 


case in which two of the steels show almost identical endura 
average performance ratings may be computed. These are 
on individual ratings at 70, 60 and 50 feet per minute cut 
speed, which have been expressed as a_ percentage of the 


steel in each case, and are as follows: 


Low tungsten-cobalt steel-A 
High tungsten-cobalt steel-B 
low tungsten-high vanadium steel-C 


High tungsten-low vanadium steel-D 


a. Comparison of the “Breakdown” and “Taylor” tests 


While the described tests were made primarily to determin 
etfects of cutting speeds upon tool endurance the results sho 
in Fig. 8 give an opportunity to compare the “Breakdown” 


c 
‘ 


“Taylor” tests for high-speed steels. The latter, as is well know 
consists in determining the cutting speed, under otherwise [ix 
conditions of feed, depth of cut, tool angles, ete., which will caus 
tool failure in exactly twenty minutes in place of choosing a fixed 
speed, as in the authors’ tests, and determining the tool’s endurance 

It has been claimed“) that no difficulty is encountered 
checking results on duplicate tools within five per cent by Taylors 
method though little or no published experimental data, in additi 
to Taylor’s work, have been presented to establish these limit: 
It is a fact, however, that greater uniformity in results will |» 
obtained in all tests in which tool failure occurs in from 15 to 30 
minutes than is the case with shorter or longer endurance and 
reasons for this are fully discussed in Taylor’s original report 
need not be repeated. It is further claimed that while the Tay! 
test is more troublesome in operation, fewer tools are require: 
(18) Discussion of report “Lathe Breakdown Tests of Some Modern High-Spe: 


Steels,” Transactions, American Society for Steel Treating, Vol. 3, No. 9%, pug 
(June, 1923). 
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representative comparisons on account of this yreatel 


formity with the net result of a saving in time 


Che summary contained in ‘Vable NI. which is based on results 


in Fig. & shows that in general the order of superiority of 


he four steels tested ‘is the same but their relative performance 


widely when comparisons are based on the Vaylor or break 


tests 
\n ideal test would, of COUTSEe, enable quick determination 


he performance of tools or steels before they are placed in 
il service and should give an accurate index of what will 


he observed but the Taylor test fails in this respect on account 


he variations cited Steels A and |), for example, have re 


nective performance ratings of 100 and 90 per cent in the Taylor 


but af these steels were later placed in service under such 


conditions that tailure in A would occur in about 30 minutes steel 


1) would cut for less than halt this time and actually have 


alf of the expected endurance. 


but 


rhe authors hold no brief for or against either type of test 


both have found wide application and are of benefit) when 


roperly used, Llowever, both types have limitations 


the 


: those of 
breakdown test were described in an earlier report, already 


referred to, while some of the characteristics of the Taylor test 


Qe of the principal advantages of the 
ter is the uniformity in test results and the certainty that dupli 


he V¢ here been discussed, 


cation can readily be obtained on the same materials at any time 
subsequent to the original test, even with steels of nearly similar 


performance. On the other hand it is much more troublesome 


arry out and the comparisons obtained do not necessarily rep 
resent what may be expected in actual service. 


’ 


the only positive indication at the present time of just what 


i) 


It therefore appears 


tools will do is to place them in service in the shop. This cannot 
be wholly replaced by the “Taylor” or “Breakdown” tests but much 


\ et 
Vi) 


bwhile information of practical value can be obtained by careful 


interpretation and correct application of results obtained by either 


method 
“Flaky” fractures in high-speed steels 
(he attention of the authors has occasionally been called to 


ecurrence im both annealed and hardened high-speed steels 
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of a course crystalline type of fracture (as contrasted with the 
more or less silky “porcelainic” appearance) which was previ 
referred to" as a “flaky” or “‘fish-scale” fracture. This condi 
which is shown in various degrees in Figs. 9 and 10, has 
observed in bar stock after the first hardening; in lathe, p! 
and shaper tools after frequent dressing and rehardening an 
one recent case, in a purchased tool. It may also be produced 
tentionally by repeated quenching. Since the occurrence of 
type of fracture has usually been associated with brittleness, 
desirability of studying the properties of so-called “flaky” 
in heat treatment and possible methods of elimination bec 
apparent. 

“Flaky” fractures may be readily produced in any ordinary 
high-speed steel by repeated quenching from 2200 degrees |*ali 
or higher temperatures as shown in Table XII but development 


of this characteristic appearance is independent of the tiny 


al 
high heat and, as far as the authors have been able to determine, 
of the manner of breaking the samples. The intensity of th 


“flake” increases with the hardening temperature and the number 
of quenching treatments up to five; also the “flakes” are large: 
and take on a more decided appearance in low tungsten than in 
high-tungsten steels similarly treated but in general the numbe 
of quenching treatments required to produce a given intensit 
will vary in different heats of the same type composition. 

However, “flake” will not be produced by repeated quenching 
if the steel is annealed between successive treatments. Therefore 
in normal shop practice “flaky” steel may be produced through 
the hardening of long lengths of lathe, shaper and planer tools 
followed by dressing operations in which only part of the pre- 
viously hardened steel is heated to annealing temperatures which 
would ordinarily prevent its occurrence. 


The endurance of high-speed steel, intentionally “flaked” 
by repeated quenching, is in general similar to that of the same 
steel with a normal fracture but a series of lathe tests showed 4 
much greater degree of brittleness and a tendency toward ¢ 
results. Its elimination is, therefore, greatly to be desired. 

While the prevention of “flaky” fractures produced in heat 
treating is ordinarily a simple matter, when once produced, the! 


(14) Refer to (1). 
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gueiched A times 


Fig. 9—Photographs of “flaky’’ fractures in low tungsten-high vanadium hig 
steel produced by repeated quenching from 2300 degrees Fahr. without inter 
annealing. Magnification about 2'. 


elimination becomes most difficult for as shown in Table XIII, 


single and repeated annealing treatments, with many time-tempera 


ture combinations, have not been completely effective. No visibl 
reduction in the intensity of this peculiar crystalline structure was 
observed until annealing was carried out at temperatures abov 
1600 degrees Fahr. The most complete removal was obtained wit! 
two successive annealing treatments at 1750 degrees Fahr. or wit! 
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at 1650 degrees Fahr. (in either case the furnace cooling 


not be carried below about 1100 degrees Fahr. 


Since annealing alone is an_ ineffective remedy experiments 


carried out in which forging and annealing were combined. 
details of these tests are given in Table XIV. 


Keductions in cross-sectional area of approximately twenty 


per cent when applied in conjunction with a 1600 degree Fahr. 


anneal prior and also subsequent to forging cause but a slight 


Table XIII 


Effect of Annealing on a High Tungsten-Low Vanadium Steel possessing ‘Flaky”’ 
Fracture. 
NOTI \ll samples hardened 4 tin 
ferred furnace at 2300 degree 


ted in one repetit 


First 

emp 

degrees Time « 

Fahr min 

(a)450 30 

1100 30) 

11250 30 

1400 60 

1500 60 

1600 60 

1650 60 

‘650 =180 

1650 240 

1SOO 60 

1550 60 1550 60 
1650 60 1550 60 
1650 60 1650 60 
1650 120 1650 60 
1650 180 1650 60 
1650 240 1650 60 
1750 60 1550 60 
1750 60 1650 60 
1750 60 1750 60 
1850 6U 1550 60 Moderate Flake 
1850 60 1650 60 Moderate Flake 
1650 60 1650 60 1650 60 Slight Flake 
1650 (b) 10 1650 (b) 10 1650 10 Slight Flake 
1650 (c)20 1650 (c)20 1650 (c)20 Slight Flake 





+23 
jin special cases n 


lent given 


led to 1100 degrees Fahr 


diminution in the intensity of the “flake” which is produced in 


rehardening. This treatment is most effective for the low 


tungsten-high vanadium steel, somewhat less so for the high 
tungsten-cobalt steel and is of practically no value in the case of 
he high tungsten-low vanadium steel. Fifty to sixty per cent 
tging reduction is more effective in removing the “flaky” frac- 


‘ure, and is apparently less dependent upon the co-employment of 


‘ a . _ e . ‘ 
dinealing treatments than twenty per cent torging reduction. In 
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lable 
Effect of Forging and Annealing « 


Dia. ————-~ ———Hardening— --——- No. 

of ——Preheat—— ———Quenching——— of 

Bar Temp. Time Temp. Time Medium Treat- 

in. degrees min. degrees min. 
Fahr. Fahr. 


several J] Ypes 


Annealing 

Temp. Tis 

ments degrees 
Fahr. 

1% 1600 20 2300 1600 

1% 1600 20 2300 1600 


1% 1600 2300 1600 


1600 


None 


1600 None 


1600 None 
1600 None 
1600 1600 
1600 1600 


1600 1600 


1600 1600 


1600 None 


1600 None 
1600 514 None 
1600 None 
(e)1 1/16 1600 | 3 1600 


(e)1 1/16 1600 2400 Oil 1600 


(e)1 1/16 1600 2400 Oil 3 1600 
(e)1 1/16 1600 2400 Oil 3 1600 
(e)1 1/16 1600 2 2400 Oil 3 None 


(e)1 1/16 1600 2400 Oil 3 None 
(e)1 1/16 1600 20 2400 5 Oil 3 None 
(e)1 1/16 1600 20 2400 5 Oil 3 None 


(a) Reduced 20% and. cooled; reduced 35% additional and cooled. 

(b) Tough character of fracture concealed any possible “flake.” 

(c) Power off on second quench—temperature dropped—in furnace 8 min 
(d) First quench 6 min. 

(e) Fine machine finish. 





tal 
rging 
Re duc- 
on 
r cent 


I area 


SU) 


SU 


R3 


LATHE 


Annealing 


Temp. 
degrees 


Fahr. 


1900 
1600 


1500 
1600 


1900 
1600 


1°00 
1600 


1900 
i600 


1900 
1600 


1900 
1600 


1°00 


1600 


1900 


1600 


1900 
1600 


1S00 
1600 


1900 
1600 


Time 
min. 


120 
120 


120 
120 


120 
120 


120 
120 


120 
120 


120 
120 


120 
120 


120 
120 


120 
120 


120 
120 


TOOL 


d Steel Possessing ‘‘Flaky’’ Fracture. 


1600 


1600 
1600 
1600 
1600 


1600 
1600 
1600 
r600 


1600 


1600 
1600 
1600 
1600 


1600 
1600 
1600 


1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 


1600 
1600 
1600 
1600 
1600 
1600 
1600 


1600 


1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 


1600 
1600 
1600 
1600 
1600 
1600 








Time 
min. 


20 


20 
20 
20 
20 
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- -Rehardeni 
——Preheat—— . 
Temp. 
degrees 
Fahr. 


Temp. 
degrees 


Fahr. 
2300 


2300 
2300 
2300 
2300 


2300 
2300 
2300 
2300 


tw 
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we 
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wvnw 
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ws 
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ot eet et et 
ee 


ng————_—_—__- 


Medium 


Oil 


Oil 
Oil 
Oil 
Oil 


Oil 
Oil 
Oil 
Oil 


Oil 


Oil 
Oil 
Oil 
Oil 


Oil 
Oil 
Oil 


Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 


Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 


Oil 


Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 


Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
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Fracture 


Very Slight Flake 
Center 

Moderate Flake 

Trace of Flake 

Clear 

Strong Flakes va- 
ries center to 
surface 

Slight Flake 

Clear 

Clear 

Strong Flake 


Slight Flake local- 
ize 

Trace of Flake 

Clear 

Strong Flake 

Slight Flake all 
over 

Clear 

Clear 

Strong Flake local- 

ized 

Strong Flake 

Trace of Flake 

Trace of Flake 

Strong Flake 

Strong Flake 

Trace of Flake 

Trace of Flake 

Strong Flake 


Trace of Flake 

Strong Flake 

Strong Flake 

Trace of Flake 

Trace of Flake 

Moderate Flake 
Center 

Very Slight Flake 
Center 

Clear 

Clear 

Strong Flake 

Very slight Flake 

Clear 

Clear 

Strong Flake 

Slight Flake one 
side 

Clear 

Clear 

Strong Flake 

Strong Flake 

Clear 

Clear 
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guenched once 


— 


Fig. 10—Photographs of ‘“‘flaky’’ fractures in high tungsten-low vanadium hig! 
steel produced by repeated quenching from 2300 degrees Fahr. without intern 
annealing. Magnification about 2%. Note that the ‘“‘flake’’ is not as pronounced as 
in the low tungsten-high vanadium steel under the same heat treatments, 
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case also the “flake” persists to a greater degree in the high 
sten-low vanadium steel than in the others. Eighty per cent 
ng reduction followed by annealing at 1600 degrees Fahr. or 
to sixty per cent forging reduction followed by annealing at 

1900 degrees Fahr. removes all evidences of “flaky” fracture or 

most leaves a mere trace of the previous condition; the removal 

s most complete in the high tungsten-cobalt steel and least in the 
tungsten-low vanadium steel. 

Thus, forging combined with annealing is an effective remedy 
for “flake” while even complicated annealing treatments can at 
best minimize this undesirable fracture. 

It is questionable .whether the remedial methods described 
could be apphed except in cases where conversions into smaller 
tools is permissible for a relatively large amount of hot working 
is required. Prevention of “flake” is much more simple than its 
elimination and consists, under normal shop practice, of annealing 
all tools prior to rehardening. 

In general the higher the reduction in forging the lower can 

‘the annealing temperatures to effect a cure. It is also of interest 
to note that the high tungsten-low vanadium steel offers the greatest 
resistance to the formation of “flake” and likewise to its elimina- 


tion when once produced. 


IV. GENERAL DISCUSSION AND CONCLUSIONS 


One of the outstanding features developed in this investigation 
is the importance of the time factor in the heat treatment of high- 
speed steels. Special emphasis is placed on this as the customary 
methods of treatment adopted by the industry in general include 
accurate control of temperatures in hardening but leave the time 
to the judgment of the operator. While excellent results have 
been obtained in many respects under such conditions it is im- 
probable that anyone can so regulate operations day after day, 
by obesrving the appearance of tools or “sweating” produced in 
hardening, that desired uniformity in results can be obtained in 
all cases. Accurate control of both time and temperature with suit 
ible instruments is necessary to guarantee consistent results. 

he tests made also throw interesting light upon several factors 
be considered in the selection of steels for specific sérvice. It 


has been shown that high-tungsten steels require higher hardening 
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heats to produce maximum endurance than do the stee! 
tungsten and that the addition of cobalt raises the required 
ing temperature in both types and thus increases the 

obtained in heat treatment. However, the former are 
brittle as the latter. 

In cases where both brittleness and the surface < 
of the tool following treatment are unimportant the relatiy: 
of the four steels may be considered to be approximately 
in the last paragraph of Section III-6. When brittleness 
avoided but oxidation is unimportant the high tungsten-c ba 
has a decided advantage over the other three for its endurar 
is much greater than the two steels without cobalt and 
nearly as brittle as the low tungsten-cobalt type which has 
slightly better average endurance at the highest cutting speeds 

The low-tungsten steels with or without cobalt additio: 
are to be preferred when brittleness is unimportant and 
too) can be well supported but severe oxidation is to be avoid 
While the low tungsten-cobalt steel A requires a somewhat hig! 
temperature than the steel C, which is cobalt-free, its enduran 
is somewhat greater. However, when the hardening temperature 
for the low tungsten-cobalt steel “A” is reduced to that reco 
mended for the low tungsten-high vanadium steel “C” bot! 
more nearly comparable endurance. This is_ indicated 
1 and substantiated in tests contained in a previous report 

It is more difficult to point out decided advantages 


as 


any one of the four steels when maximum tool enduranc: 
minimum oxidation and brittleness are all required. The cho 
under such conditions, would depend upon the relative importance 
of, and quite probably be a compromise between the several tactors 
considered. 

There is evidently no one steel which meets all requiremen 
of service for each has special advantages and disadvantages 
The addition of cobalt to high-speed steels permits the use 0! 
higher hardening heats and so imparts a greater cutting capaci 


but does not change the characteristics of the two basic type, 
namely, low tungsten-high vanadium and high  tungst | 


vanadium steels. 


The endurance of high-speed steels subjected to the 


(15) Refer to (1). 
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ice described in the first two sets of tests was affected to a 
itively small degree by variations in tempering subsequent 
hardening. The frictional temperatures produced were not 
ess than 1400 degrees Fahr. which is higher than that required to 


pose the martensitic groundmass of the hardened steel. 


he degree of red hardness was therefore considered a function 
the quantity and characteristics of the constituents formed 
1 the high heats used in hardening (2200 to 2500 degrees Fahr.), 
indicated by thermal analysis, and largely independent of the 
roperties of the groundmass. 


lf this is so the question naturally arises why tools which 

cut under frictional temperatures of 1400 degrees Fahr. 
would be entirely ruined if first tempered at this same temperature. 
\Vhile no final answer can be given, there are a number of im- 
portant differences between tempering a tool and subjecting it to 
service at such high temperatures. In the first place the ordinary 
method of tempering consists in exposing the hardened steel to this 
temperature for a longer time than any of the tools would cut. 
\lso it is well known that pressure as well as temperature markedly 


affects many atomic or molecular reactions. Temperature alone is 


applied to the steel in tempering whereas in cutting metals both 
high temperature and pressure are obtained. It is therefore con- 


ceivable that the pressure tends to retard the reactions which would 
take place at a given temperature and so tend to prevent complete 
reversal of the changes produced in the hardening or at least 
make them take place so slowly that the tools will cut for a de- 
linite length of time at such high heats before failure occurs. 


The principal conclusions to be drawn from the described 
tests may be summarized as follows: 


(1) The endurance of high-speed steels is affected to a 


marked degree by the high heat temperature used in hardening 
ancl 


| rises rapidly with increase above 2200 degrees Fahr. However, 
a point is finally reached where a further temperature rise is no 


longer attended by a commensurate increase 


in the endurance 
anc 


if high enough heats are employed a decrease will be observed 


coincident with a partial melting of the steel. Under otherwise 


iixed conditions there is therefore a high heat temperature which 
results in maximum endurance but this varies with composition. 


lt higher in the 18 per cent tungsten than in the 13 per cent 
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tungsten steels and is raised in both types by the addition of 
5 per cent cobalt. 
(2) The best hardening temperatures for the four main { 


of high-speed steel, to be used as lathe tools under severe 


vice, are considered to be about as follows: 


2350 degrees Fahr. for low tungsten-high vanadium stee] 

2400 degrees Fahr. for high tungsten-low vanadium and 

low tungsten-cobalt steels 

2450 degrees Fahr. for high tungsten-cobalt steel 

These temperatures are a compromise between several fact 
including tool endurance and brittleness. 

(3) “The endurance of high-speed steels is likewise depend 
ent upon and, within limits, increases with the time at high heat 
In tests made with high tungsten-low vanadium steel, tools held 3 
minutes at 2280 degrees Fahr. had superior endurance to thos 
held 50 seconds at 2400 degrees Fahr. but were not as good as 
those subjected to the latter temperature for 1144 minutes. ‘Ther 
fore for consistent results both time and temperature should |) 
controlled by suitable instruments. 

(4) High-speed steels subjected to the severe servi 
described were found to have endurance characteristic of the hig! 
temperature treatment used in hardening and this was not modi 
hed to any great degree by any subsequent tempering up to ai 
including 1100-degrees Fahr. However, the higher the temper 
ing ‘temperatures the tougher did the steel become. Thus the most 
important reason for tempering, in this case, is not increased endur 
ance but decrease in brittleness. 

(5) Length shrinkage or expansion may be produced in 
hardening a high-speed steel from a given temperature, if this 
not too high, by varying the treatment prior to hardening. [ln 
includes both preliminary annealing and the manner of heating 
for hardening. However, the higher the quenching temperatur 
and the time at high heat, within limits ordinarily encountered 
in commercial heat treatment, the greater will be the expansion 
under certain conditions, the less will be the shrinkage. Likewise 
tempering subsequent to hardening may be used to reduce origi 
length shrinkage or expansion but the final length will approx! 
mate the original only in certain cases. The tempering which wil 


produce this ideal condition will vary widely in a given steel 
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ling upon the previous history of the samples but in no case 
possible to completely compensate for hardening changes in 
dimensions. 

(6) In a series of tests on nickel steel forgings in which 
cutting speed was varied from about 45 to 70 feet per minute, 


high-speed steels containing about 3.5 per cent cobalt had much 
greater endurance than the plain chromium-tungsten-vanadium 
steels. Under the most severe service the low tungsten-cobalt 
tvpe was superior to “the high tungsten-cobalt steel but at the 
lowest speeds both had comparable endurance. Comparisons of 
e four steels tested when based on the breakdown test, showed 
he following average order of superiority : 
Per Cent 

LLow tungsten-cobalt steel 

High tungsten-cobalt steel 

Low tungsten-high vanadium steel 


High tungsten-low vanadium steel 


(7) Low-tungsten steels, with or without cobalt additions 
ire more sensitive to heat treatment than the high-tungsten types. 
(hey are more brittle when hardened for maximum endurance but 
require lower hardening temperatures than do the corresponding 
high-tungsten steels. These features, in addition to comparisons 
of endurance, must be considered in selecting steels for particular 
service. No one type of high-speed steel meets: all requirements 
but each has its advantages and disadvantages. 

(8) Both the “Breakdown” and “Taylor” tests have limi- 
tations and cannot wholly replace the method of using tools in the 
shop to determine just what they will do. However, much worth- 


while information of practical value can be obtained in relatively 


short time by careful interpretation and correct application of  re- 
sults obtained by either test. 

(9) In normal shop practice so-called “flaky” steel may be 
produced through the hardening of long lengths of lathe, planer 
and shaper tools followed by dressing operations in which only 
part of the previously hardened steel is heated to annealing tem- 
peratures which would ordinarily prevent its occurrence. As 
“flaked” steel is brittle and showed a tendency toward erratic 
results in lathe tests its production is to be avoided. 


(10) Prevention of “flaky” fractures in ordinary high-speed 
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steel in heat treatment is much more simple than elimination 


may be accomplished by annealing between successive harde: 
treatments. In no case, when once produced, was complete elim 
tion effected by annealing alone though certain complicated ti 
ments left mere traces of this structure upon rehardening. H 
ever, combined forging and annealing completely removed se\ 
“flake” in all steels tested. In general the greater the reduct 
in forging the lower was the annealing temperature required 
a cure (within limits). 

(11) High tungsten-low vanadium steels offered the greatest 
resistance to the formation of “flake” and likewise to its eliminatio 
when once produced. 

Acknowledgment is made to Miss |. J. Wymore, assistant 
chemist and H. C. Cross, laboratory aid, Bureau of Standards 
for taking the thermal curves contained in this report; to T. H 
Johrden, machinist inspector, U. S. Naval Gun Factory for assist 
ing in all the lathe tests and to J. W. Talley and T. Hamill, 
respectively assistant chemist, U. S. Naval Gun Factory and 


laboratory aid at the Bureau of Standards for assistance rendered 
in connection with the heat treatment of samples. 
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ACTIVITY OF SUB-COMMITTEE—I, ON RECOMMEND- 
ED PRACTICE FOR TREATMENT OF TOOL STEEL 
DURING 1922-23 


r HE selection of the members of this committee from the 
Pittsburgh district (which took place the latter part of 


tober, 1922) was a propitious act by our president, as it 1s 


probable that in no other community could a combination of repre 


W. J. MERTEN 


Chairman—Sub-committee—I, on the Treatment of Tool Steel 


sentatives of tool steel users and manufacturers be found con- 
centrated in so limited an area as within the boundary line of the 
Pittsburgh chapter of the A. S. 5. T. 
The committee is composed of four users and three manu 
facturers of tool steels, as follows: 
User Manufacturer 
M. E. McDonnell 5: 
C. Ll. Neidringhaus F. 
W. H_ Phillips a 
W. J. Merten, Chairman 


A. Succop 
Garratt 
Trautman 
One of the manufacturers’ representatives—a manufacturer 
of die blocks—is also partly a user. 


The overbalancing position of the users—-four to three—was 
immediately recognized as a decided advantage since the final treat 


ment of these classes of steels rests principally with the users. 
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The committee held their meeting in the Old Colony 
quarters in the William Penn hotel, Pittsburgh, Pa. At the 
meeting it was decided that the committee devote its entire effort 
on the treatment of carbon tool steel, and if the time permitt 
one grade of high-speed steel—the 18 per cent tungsten ste 
in their program for the ensuing year. 

After three sessions a tentative draft of these specifications 
for recommended practice was presented to the Standards commit 
‘tee at their New York session on March 5, 1923. 

Revisions and additions, per the recommendation of 
Standards committee were discussed and acted upon at meeting 
held during March, April, May and June. The following revis 
and complete recommended Process Specifications for the hea 
treatment of carbon tool steels and 18 per cent tungsten high-spee 
tool steels, were submitted to the Standards committee at th 
second meeting held in Bethlehem June 13, 1923. The recor 
minutes, transactions and recommendatiofis of this session are 
ported in the succeeding pages. 

It is felt that the work of the committee has been entirel\ 
successful in establishing a foundation upon which to build th 
entire structure of the practice of heat treatment of tool steels 


RECOMMENDED PRACTICE IN THE HEAT TREAT- 
MENT OF PLAIN CARBON TOOL STEEL 


This is a tentative—RECOMMENDED PRACTICE—approved by the Standar 
Committee of the A. S. S. T. and will remain tentative until such tims 
it is adopted through letter ballot of the membership of the Society 
(SENERAL— 

This specification cOVeTS the process to be followed in the 


heat treating of plain carbon tool steel. 
Part I 


Normalizing of Tool Steel Before Hardening 


PROCESS 
Operations : 
Heating. 





Cooling. 


Heating: Place steel into furnace so as to expose maximum su 


face area. Heat uniformly to a temperature above the up| 
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critical point indicated in Table I below and hold at this tem- 
perature for sufficient time to obtain complete penetration of 
heat and refinement of grain. 


ling: Remove from furnace and cool freely in air. 


Table I 
Normalizing 
Carbon Range and Normalizing Temperature 
Carbon Degrees Fahrenheit Degrees Centigrade 


0.65 to 0.80 per cent §—1525 800—830 
0.80 to 0.95 per cent i 800—815 
0.95 to 1.10 per cent 500-1575 815-860 
1.10 to 1.25 per cent 3 » 860-900 


Cross Sections, Weight and Time 


Thickness of Weight of Unit Approximate time Approximate time 
Largest Section in Pounds of heating. of soaking. 
of Unit (Approximate) In hours. In hours. 


Up to and Up to 100 3, 1 
including 1 inch 


2 


Over 1 inch and Over 100 and 


including 2 inches including 300 


Over 2 inches and Over 300 and 
including 3 inches including 500 


Over 3 inches and Over 500 and 
including 4 inches including 1000 


Over 4 inches and Over 1000 and 
including 5 inches including 1500 


Over 5 inches and Over 1500 and 
including 8 inches including 2000 


Part II 


Heat Treating of Plain Carbon Tool Steel 
PROCESS— 
Operations : 
Heating for quenching. 
Quenching. 


Tempering or drawings. 


iting: Heat the steel uniformly to the temperature indicated 
in Table II. 
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Quenching: Quench from this temperature in water but d 
cool below temperature of boiling water (212 degrees Fa 


Table II 


Heat Treating 


Carbon Range, Percent 0.65—0.80 0.81-0.95 0.96-1.10 1.11 
Hardening 1550-1450 1460-1410 1390-1430 1380 () 
Temperature Degrees Degrees Degrees Degr 
Fahrenheit Fahrenheit Fahrenheit Fahrenh 

Quenching Water at Water at Water at Wate: 
Medium and 70 Degrees 70 Degrees 70 Degrees 70 Deg: 

its temperature Fahrenheit Fahrenheit Fahrenheit Fahre: 
Tempering or Drawing: Reheat immediately in oil or. salt 


(NaNO,) or furnace for the time and at the temperatur 
specified in Table III and cool. 


Table III 
Tempering or Drawing Tool Steel 
Results Desired Tempering Medium Temperature 
Relieving Strains Oil 350 to 375 Degrees Fahrenheit 


Strain Relieving 
and Reduction of 


Brittleness Oil 400 to 500 Degrees Fahrenh« 
To relieve strains . . 
and Toughen Oil 500 to 600 Degrees Fahrenheit 


Notes About the Process 
(a) GENERAL- 
The recommended practice for the heat treatment oi 


tool steel applies to highest quality performance of tovls 
for general purposes only. For specific applications wher 


special structural requirements seem to be necessary, «| 
ation from the recommended practice must be left to t! 
judgment of the individual heat treater or metallurgis! 
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, NORMALIZING 


A normalizing treatment for all tool steels is recom- 
mended to obtain a uniform and refined grain structure, 
which enables the operator to predict the behavior and 
performance of the steel tool during heating and quench 
ing for hardening. 


The variation in temperature for the different carbon 
ranges becomes evident upon a careful examination of 
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Critical Range Diagram for Iron-Carbon Alloys, Showing Normalizing, Annealing 
Hardening Ranges. 
the critical range diagram. A temperature very much 
in excess of that required to produce solid solution 
(austenite) is conducive of austenitic grain growth and 
intergranular weakness. 
A low normalizing temperature for high-carbon steels 
(1.25-1.50 per cent carbon) which fails to break up the 








TRANSACTIONS OF 
402 IMERICAN SOCIETY FOR STEEL TREATING | Sept 


massive cementite, results in a_ brittle structure, 


the rate of diffusion of the excess cementite dey. 
upon the temperature. The solubility of carbide in 

being greater or increases as the temperature rises, 
rate of this solubility is equivalent to the slope of the .\ 
line in the diagram. 

The higher nomalizing temperatures given in Table | 
apply to the lower carbon ranges and the lower tempera 
ture to the higher carbon ranges for steel of the hypo 
eutectoid composition, or in other words, “the normal: 
ing temperatures for hypo-eutectoid steels varies indi 


rectly as the carbon percentage rises or falls; and_ thi 
normalizing temperature of hyper-eutectoid steels varies 


directly with the percentage of carbon.” 
(c) HEATING FOR QUENCHING— 


(a) The wide range of temperature in the 0.05 to 
0.80 per cent carbon steel is needed, as a number o! 
tools such as shear blades, arbors, mandrels, and others, 
are all around the low point, and because of mass and 
forms, require somewhat higher temperatures for quench 
ing. 

(b) The quenching temperatures given are at the lowes! 
temperature range, consistent with highest quality of 
tools; deviations from it are not recommended, but may 
be practical for diverse reasons. 


OuENCHING— 
a 


Water is the universal quenching medium and by var) 
ing its temperature and manner of application for the 
abstraction of heat, almost any degree of variation 0! 
structural conditions of the tool steel can be obtained 
There are, however, special cases where oil may be 4 
more suitable quenching medium. 


Carbon Steels Suitable for Various Uses 


APPLICATION 


Carbon Content 0.65 to O85 Per Cent 
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Shear blades, boiler snaps and cups, hammers, stamping and 


ssing dies, mining drills. 


Carbon Content OSL to OVS Per Cent 


Hlot and cold sets, chisels, dies, shear blades, mining drills, smiths 


tools, set hammers, swages, flatteners. 


‘ 


Carbon Content O26 to 1.10 Per Cent 


Small cold chisels, hot sets, small shear blades, large pinchers, 
large taps, granite drills, trimming dies, turning tools, planer 
tools, drills, cutters, slotting and milling tools, mull picks, circular 


cutters, small shear blades, threading dies. 


Carbon Content 1.11 to 1.25 Per Cent 


Small cutters, small taps, drills, slotting and planing tools, 


wood cutting tools, turning tools, razors, etc. 


Suitable Tempering Heats for Various Tools 
Temperature 350 to 390 Degrees leahr. 


Lathe tools for brass and copper alloys. Milling cutters for 
brass and copper alloys. Scraper and cutting tools for soft 
metals and mucarta. Drawing mandrels, drawing dies, bone 
cutting tools, hammer-faces, steel engraving tools, wood-carv- 
ing tools, cutting tools for iron and_ steel, hand tools, thread 


ing dies for brass. 
Temperature—400 to 500 Degrees Fahr. 


Hand taps and dies, hand reamers, drills, bits, cutting dies, 
penknives, milling cutters, chasers, inserted sawteeth, press dies 
tor sheet steel, rock drills, taps and dies, wire drawing dies, 


dental and surgical instruments, twist drills. 


Temperature 500 to 600 Degrees Fahr. 


Bending and forming dies, shear blades, chuck jaws, forging 


lies, drifts, gages, press-dies, flat drills, reamers, chisels and 
tools for woodcutting, hammers and drop dies, axes, lathe tools 


for copper augers, cold chisels, coppersmith tools, grinders, screw 
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drivers, molding and planing tools, hacksaws, needles, but 
knives, saws and tools. 


RECOMMENDED PRACTICE IN THE HEAT TREAT. 
MENT OF 18 PER CENT TUNGSTEN HIGH- 
SPEED STEEL 
This is a tentative—RECOMMENDED PRACTICE—approved by the Stan 
Committee of the A. S. S. T. and will remain tentative until such tin 
it is adopted through letter ballot of the membership of the Society 


(GENERAL 
This specification covers the process to be followed 
in heat treating high-speed steel. 
PROCESS— 
Operations : 


(1) Heating for normalizing (or annealing). 


a 


(2) Cooling. 

(3) Heating for hardening—(a) Preheating—() 
Heating for quenching. 

(4) Quenching. 


(5) Drawing for secondary hardness. 


(1) Heating for normalizing: 
Heat slowly and uniformly to a temperature of 160! 
degrees Fahr. (871 degrees Cent.) and hold for cot 
plete - refinement. 


(2) Cooling : 

Cool in furnace, infusorial earth, mica, lime or 

medium that will permit of uniform slow cooling. 
(3) Heating for Hardening: 

(a) Preheating—Heat slowly and uniformly to 1500 
degrees Fahr. (816 degrees Cent.) in a furnace of suffi 
cient size. 

(b) Heating for Quenching—Transfer preheated 
steel to a high temperature furnace that is maintained 
at a temperature of 2250 degrees Fahr. (1232 degrees 
Cent.) to 2400 degrees Fahr. (1315 degrees Cen! 
‘depending on the type of tools being hardened. 

In order to obtain the most satisfactory “red hardre: 


t 


conditions, the steel should be brought rapidly to 





\ OOLING 


LIEATING 
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higher temperature, but in many cases the character of 
the cutting edges of certain form tools, such as milling 
cutters, threading tools, etc., makes it inadvisable to use 
the higher temperatures owing to destruction of the 
delicate edges through blistering, pitting, etc. It 1s, 
therefore, usual to use the higher temperatures for tools 
such as rough lathe tools, while the finer class of tools 
is hardened at the lower temperatures. 

High-speed steel tools should not be held at the high 
heat longer than necessary, since holding at the high 
hardening temperatures required causes excessive grain 
growth, with subsequent brittleness of the hardened 
tools. ye Bh 

Tools that cannot be ground after hardening, are often 
heated in a barium chloride, or some such suitable bath. 


Quenching: 

Quench the steel in oil, or air, from the hardening 
temperature. It is advisable to maintain the oil quench- 
ing bath at a temperature of 150-200 degrees Fahr. 
(65-93 degrees Cent.) to eliminate possibility of break- 
age with intricately shaped tools. 

Drawing for Secondary Hardness: 

Reheat uniformly in an open furnace, or preferably in 
a salt (NaNO,) or lead bath, to 1050-1150 degrees 
Fahr. (565-631 degrees Cent.) for a_ sufficient length 
of time, and cool in air or oil as preferred. 


Notes About the Process 


FroM NORMALIZING 


Cooling in air should not be permitted, since air cool- 
ing from the normalizing temperature is apt to result 
in partial hardening of the tool. 


For HARDENING 


It is the customary practice to always preheat for 


hardening in an open furnace, since preheating in a 








TRANSACTIONS OF 


IMERICAN SOCIETY FOR STEEL TREATING © Septe: 


salt bath causes the salt to adhere to the tool, and 
subsequent high temperature treatment causes unu 
corroding from the adhering salt. [Even preheating 
lead is objectionable from small quantities of adhe 
lead. There is not much advantage to be gained in u 
a molten bath for the preheating, since the preheat 
temperature may vary over the comparatively wide rai 
of 1400 to 1600 degrees Fahr., and an open furnac 


invariably used in_ practice. 


(QUENCHING FROM DRAWING ‘TEMPERATURES 


This should be optional with the steel treater, 


quenching from the drawing temperature does not giv 
increased toughness over samples that have air cooled 
Kvidently the increased toughness resulting when ca: 
bon or chrome-vanadium steels are quenched from dravy 
ing temperatures of 700 to 1000 degrees Fahr. does 

apply to high-speed steels, as impact tests on oil cooled 


and air-cooled samples show no difference in favor ot 


the oil-cooled pieces. 
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ACTIVITIES OF SUB-COMMITTEE—IV, PYROMETRY, 
DURING 1922-23 


VUBCOMMITTEL LV, Pyrometry, was organized for the 
S purpose of developing in practical form useful information 
concerning pyrometers, to be presented to the members of the 
\. SoS. T. in “data sheet” form, subject, of course to their ap 
proval. 

lhe procedure was an evolutionary development of the work 


wcomplished by the standards committee of the previous year 


). H. G. WILLIAMS 


Chairman Sub-Committee IV, on Pyrometry 


\lthough that committee presented no definite report at the last 
convention, nevertheless it devoted much time and effort to the 


subject of pyrometers. It was felt by that committee that there was 


a demand in the metal treating industry at large, for practical 


intormation pertaining to the fundamental principles of pyrometers, 
their construction, their care, and their proper use. 


The subject, however, did not lend itself to standardization 
as standardization is ordinarily interpreted. Gradually the idea 
leveloped that the demand could best be answered by the publica- 


tion of brief, concise facts, in clear everyday language and _ that 
1 ® o . . - 
this information could be obtained most advantageously from men 
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thoroughly acquainted with all phases of pyrometer manufa 
and practice, 


lo facilitate the holding of meetings, the selection of 
various members was made with reference to Philadelphia 
geographical center. 

Che personnel of subcommittee IV, as appointed by Presi 
Lynch is as follows: 


| Il. G. Williams, Billings and Spencer Co., Hartford, Conn. OChairman) 


} }. Crowe, Met., Philadelphia) Navy Yard, Philadelphia, Pal 
W Ht. Laury, Bethlehem Steel Co., Bethlehem, Pa 

}. EK. Halbing, Willys-Morrow Co., Elmira, N. Y. 

( Hl. Wilson, Pres., Wilson-Maeulen Co., New York City 
Morris FE Leeds, Pres., Leeds & Northrup Co., Philadelpitia, Pa 
R. P. Brown, Pres,, Brown Instrument Co., Philadelphia, Pa 


( ©. Fairchild, Physicist, Bureau of Standards, Washington, D. ( 


\t the first meeting of the subcommittee IV, very careful « 
sideration was given to the ideas of the standards committe: 
and it was agreed that their plans represented the best crystaliz: 
expression of the policy to pursue in the handling of such 
intractable subject for standardization. 


Briefly, the method employed in developing the subject, wa 
to hold a free discussion in which a careful record was made 0! 
all the ideas expressed; then to compile these ideas in logical fo: 
sending copies to each member for written criticism, In this mat 
a composite expression of every man on the committee is in 
porated in the final report. 


Following this outline the report has been digested, «a 
hltered three times. It has been approved by the subcomnutt 
approved by the standards committee, and is now. submitted 
the society as a whole for their verdict. It is submitted in 
belief that it expresses useful and incontrovertible facts, stated 
such a manner that any man able to read thoughtfully, can obt 
a definite idea of the principles upon which the pyrometer ts ba 
without being confused by technical terms; also a working kn 
ledge of the construction of pyrometers, and finally, definite inst! 
‘tions as to their proper use. 


rhe society is indebted to the members of this subcomm 
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heir unselfish expenditure of time, and broad attitude in 
essing the subject without tint of commercialism 

the chairman wishes to thank the members of the subcom 
ce, and their representatives for their patience, friendly co 
ation, and deep interest. 


l‘urthermore, be desires to call to the attention of the society 


{ 


the drudgery ci sifting the data, compiling and rewriting it, 


ny times, until at was approved by all members of the subeom 
ttee was performed by ©. ©. Fairchild, of the U.S. Bureau of 
indards. It is due to his steady work, and discriminating judg 
that the soviety has obtained an exposition of literary, as 
scientific merit, 


Lhe following is the table of contents of subcommitte LV re 


Table of Contents 


Preface. 
Introduction 
Thermoelectric Pyromete: 
Thermocouple or “Fire-end.” 
a. Metals used. 
b. Protection tubes 
c. Insulators. 
d. Terminal heads. 
Leads from Thermocouple to Indicator or Recorder 
a. Extension Leads. 
b. Cold junctions 
Indicators and Recorders 
a. Mulhivoltmeter type 

1. Indicator 
2. Recorder 
b Potentiometer type 

l. Indicator, 
2. Recorder. 
Cold-junction Compensation 
Installing Pyrometers 
a. Thermocouple or “Fire-end. 
b. Leads or connecting wires from thermocouple to 

indicator, 

c. Indicator. 
d. Recorder. 
e. Connecting the thermocleectric circutt 
Checking the Pyrometer 
a. Thermocouple 
b. Indicator 
c. Leads 
Important Points to Remember 
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PYROMETRY 


Notes on Thermoelectric Pyrometers 
and 


Instructions for Their Use in Heat Treating Steel 


PREFACE 


YROMETRY, or the art of measuring high temperatures 

a vital factor in the continued supremacy of American meta! 
industries. American methods of quantity production and_ inte: 
changeability of parts demand uniformity in the quality of prod 
ucts. Uniformity is maintained by the careful control of process 
and materials, and the use of precise instruments such as pyrom 
eters, micrometers, gages, and recording instruments. 

In the last twenty years pyrometry has been developed 
practical uses until today, the pyrometer, especially of the thermo 
clectric type, is a practical device of tested and proven worth. |i 
may be used without complete knowledge of the principles of its 
action, but as in the use of any instrument some information abou 
it is necessary, and this treatise has been prepared to furnish such 


facts and advice as will enable a heat treater. to use a pyrometet 


to the best advantage. 
INTRODUCTION 


Refore discussing methods of measuring temperature, and th 
nse of such measurements to control a furnace, it is necessary to 
have a very clear idea of what “temperature” means, what “heat” 
means and how they are connected. 

The idea of “temperaure” is simple. We know when a_ piece 
of steel is hot or cold and that the hot piece is at a higher tempera 
ture. “Heat’’ is our expression for the energy in the steel, whic! 
makes it hot. Roughly speaking the quantity of heat in the piec 
of steel is proportional to the temperature. This heat may come 
out—by conduction or radiation, Radiating heat tells us that a 
substance is hot even when it is not red hot. We can feel the 
heat radiated. Sometimes a furnace is said -to be at a “red heat” 


“a ° ” 1." . | 
or “white heat. These are good and very useful terms, but avo 


the expression “degrees of heat.” Temperature is measured in ce 
grees, and heat in British thermal units, (B.t.u.), or calorie 
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Become accustomed to the use of “temperature.” It) will 

asier if you are using pyrometers and know what the tempera- 
ture isin degrees, 

llow is temperature measured? Temperature is not a quantity 

dimensions such as length, or weight, or time, and two tem 

seratures cannot be added like two yards, or two seconds. But 

eat is energy and affects all substances in some definite way. For 


example, a rod of metal, say copper, expands when heated. — It 


The First Form of Pyromete: 


always expands the same amount when a certain quantity of heat 
is put mto it. Moreover, this quantity of heat always raises the 


rol to the same temperature. So, here we have a means of 


ileasuring temperature. This principle is used in certain types of 


thermometers. Other effects of heat are used, and one of. the 


) 
( 


peculiar and interesting effects is used in the thermoelectric 


ometer, which is an instrument for measuring high temperature. 


|. ‘THERMOELECTRIC PYROMETER 


in this pyrometer heat is made to develop electricity which in 


turn is conducted to an electric meter or indicator. It is easily 








TRANSACTIONS oO] 


412 AMERICAN SOCTETY TOR STEEL TREATING — Sept 


seen that the electrical effect of heat must be carefully cont: 
o that it will be a correct indication of temperature. Pyro: 
inanufacturers have learned through long experience how to « 
successfully. 

Just 102 years ago it was discovered that if two wir 
different metals be joined, at one end, and this end be put i: 
‘urnace, Or we may say immersed in the heat, and the cold 
couiside be connected to a_ sensitive voltmeter or ammeter, 
ineter will show that an electric force is causing a current to 
in the metallic circuit. The electrical circuit is shown in Fig. | 
two wires in the furnace are called a thermocouple. The therm 
couple is usually connected by a pair of flexible leads t 


{ 


Indicefor 






furnece 


Fig. 1--Diagram of Simple Thermoelectric Circuit with Therm 
couple in) Furnace. There are Three Junctions in this Circuit On 
Cold Junction is at Indicator, the Second just outside of the Furnac« 
and the Hot Junction at the tip of the Thermocuple in the Furnac: 


imeter or indicator which is kept away from the furnace. Ma 

vears later it was discovered that if this cireuit is made right, tl 
electromotive force or for short “e.m.f.” will depend only on th 
temperature of the hot junction in the furnace, and its value will 
correctly indicate the temperature. Unfortunately there are thre 
points in this simple thermoelectric circuit at which an em! 


exists. These are the hot junction and the two cold juncti 
connected to the meter. These e.m.fs. depend on the temperatur 
of the junctions. Their sum is the total e.m.f. acting on 1 


meter, Obviously we must take care of the temperature o! 
cold junctions (as described in sections IIIb or V) or else thi 
total e.m.f. will not depend alone on the temperature of the hot 
junction, 


ll. TTHERMOCOUPLE OR “FIRE-[E-ND” 


a. Metals Used. 
Very few metals and alloys are suitable for thermocou) 


Fhey must have the following properties as far as possible. 


1. Re refractory, that is, resist the actions of heat suc! 
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melting, oXidation, crystallization, and veneral contamina 
‘ 


tion with foreign substances 


Give a large em.t. The largest eat. given by any thermo 
couple is barely over 50 millivolts or 50/1000 of a volt 
Be cheap—considering the length of service. The metals 
used for thermocouples at the present time are 

Platinum 

Platinum alloyed with rhodium 

Nickel—chromium alloys 

Nickel 

lron 

lron-nickel-chromium alloys 

Nickel-aluminum alloy 

Nickel copper alloys 

( ‘opper 

Occasionally silver, gold, palladium, iridium, cobalt, 


manganese. Also alloys of these metals 


Some of these alloys have trade names such as “chromel” for 
No. 4, “mehrome” for No. 6, “alumel’, “constantan’, “ideal”, ‘ad 
vance’, “copel,,” and others for No. 8. Thermocouples made of 
platinum and rhodium are sometimes called “rare metal” or “noble 
metal” thermocouples. Others are called “base metal” thermo 
couples. In the following table we have arranged some of these 
metals and alloys in a thermoelectric series, in which the e.m.f, be 


tween two elements will be larger the more separated in the series 


1. Chromel 
Nichrome 
lron 
( copper 
Pt 87%, Rh 13% 
Pt 90%, Rh 10% 
Platinum 
Alumel 
Nickel 

lO. Constantan 

ae Copel 


tor example chromel or nichrome combined with constarnian 


pel give a comparatively large e.m.f, while nickel versus con 
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stantan, or platinum-rhodium versus platinum give a rathe 
em.f. 

The more common combinations, with the maximum tem 
ture they should be used are: 


1. Rare-metal (platinum, platinum-rhodium) to 26 
(1427°C) 

2. Chromel-alumel to 2000°F. (1093°C) 

3. Ilron-constantan or  nichrome-constantan to  1650°| 

4. Copper-constantan to 800°F. (437°C) 

Short exposure to somewhat higher temperatures will not ruii 
the thermocouple, but will shorten the life, and may cause 
indicate the wrong temperatures afterwards. 

b. Protection Tubes. 

In order to protect the elements of the thermocouple as muc! 
as possible from the effects of contamination and oxidation }\ 
furnace gases and vapors, they are mounted in closed-end tubes 
of metal or porcelain or other refractory and preferably gas-tight 


material. The tubes and fittings also protect the couple from 
breakage or similar injury. The choice of a proper protectior 
tube is just as important as the selection of a thermocouple. ‘| hi 


tubes must be 
l. As gas-tight as possible. 
2. Resistant to high temperatures. 
3. Resistant to sudden changes of temperature ( [hese 
may crack porcelain). 
Mechanically strong. 


wm 


Resistant to corrosion by acid fumes or other active 
vapors if present. 

The best protection tube for a rare-metal couple is porcelain 
glazed on the outside; or for temperatures not too high a vitrified 
porcelain may be used. Fused quartz may be used up to abou! 
1900° Fahr., where it begins to crystallize and leak furnace 
gases rapidly besides getting weak. 


The best protection tubes for chromel-alumel couples 
made of chromel, nichrome, nickel, or for special purposes porc 
lain or quartz. 


Iron-constantan couples are protected with nichrome, nickel, 
cr iron. 
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Seamless soft steel tubes are sometimes used instead of 
wht iron. 

Calorized iron and other alloys are often used. 

In selecting a protecting tube be sure it will be good company 
For example, the chromel-alumel couple has very 


the couple. 
So do not put it in an iron tube if you 


iron alloyed with it. 
ant the best results. Put it in chromel, nichrome or nickel. 
When conditions are particularly severe as at the higher tem 
itures which are used for high-speed tool steels, double vro 
tion is necessary to keep the thermocouple in good condition 
er tubes generally called secondary protection tubes are made 


ron, chromel, carborundum or fire clay. The pyrometer manu 


facturer can be depended on to provide the best kind of protection 


for a thermocouple. 


Insulators. 
Within the protection tube the wires or elements of the couple 


re kept apart and electrically insulated (except at the welded hot 


junction) with porcelain, fireclay, asbestos, or glass insulators. Fire- 
insulators are the best for base metal couples, but asbestos 
1200° Fahr. Only a very pure 


Clay 
is good enough up to 1100 or 
ireclay, or else porcelain should be used for rare-metal couples. 
Terminal Heads. 
The end of the mounted thermocouple outside the furnace is 
provided with a terminal head which keeps the inside of the tube 


an, supports insulated terminals or binding posts for the 


bermocouple and leads, dnd may be threaded to fit a metal hous- 
‘ng or pipe-line. 
The best terminal heads protect the binding posts from dirt 


and weather, and are usually made of metal and asbestos board. 


LEADS FROM THERMOCOUPLE TO INDICATOR OR RECORDER 


The leads from the thermocouple have been made in the past 
simply of copper but at present they are more generally selected 
lor a special purpose (see below) and are called 

I'xtension Leads (Not copper). 


of special alloys which can be 


Extension leads are made 
The purpose of the extension 


vn to small wires and stranded. 
is to counteract the cold-junction e.m.f. at the terminal head 


set up an e.m.f. at some other point away from the furnace, 
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where the temperature is constant and in the neighborhood o{ 


OT- 
dinary room temperature or 75° Fahr. 


It is not necessary t 
the cold junction at 75° Fahr. but it is necessary or at least 
preferable to keep it constant and know what it ts. 

b. Cold Junctions, 


nee 


There are a few standard methods of handling the cold 
tion and four of these are shown in Figs. 2, 3, and 4. In Fig. ? 


is the simplest arrangement, in which the cold junction is at ¢! 
Thermocouple Indicator 

+ Lead , ° 
- Lead 


» 





Fig. Diagram of Thermoelectric Circuit in which the Cold Jun 
tion is at the Indicator. 


indicator. In Fig. 3, is another convenient arrangement in which 
the cold junction is buried in the ground. Fig. 3A is a modification 
of Fig 3. 

The interesting part of this circuit, Fig. 3, is the connection 
of two positive leads to the indicator. The positive lead from the 
cold junction is connected to the negative terminal of the indicator 
It will be necessary to consider carefully the e.m.fs in this circuit 


Let us start_at the hot junction, and follow the arrow. 


Hot-Junction Indicator-Terminal Cold-Junction 
[e.m.f E.m.fs. E.m.fs | 
Constantan to iron —> +to brass 
and brass to + = L to 
and back to the hot junction. At the indicator two e.m.fs are 


equal and opposite if the two terminals of the indicator are at the 
same temperature. Hot drafts from a furnace may heat one ter 
minal more than the other. Another interesting fact is that the 
cold-junction e.m.f in this circuit is equal to the difference of the 
two cold-junction e.m.fs in Fig. 2, at a certain temperature, say 


75° Fahr. in each case. The best feature of the circuit of Ig 
3, is its adaptability to the scheme shown in Fig. 4, in which 
one cold junction is used for any number of hot junctions. In 


this figure the cold-junction leads are connected between the 1 
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dicator and a commutating switch. This switch is made so that 


no extra e.m.f.s are set up to cause trouble. In all cases like the 
diagrams in Fig. 3 and 4, the extension lead from the cold junc- 
tion to the indicator is connected to the indicator terminal of op- 
posite sign to the lead. Plus and minus leads when new are al- 
Indicator 


Thermocoup/e 


rer 2 Diagram of Thermoelectric Ci 


having Two Positive 
eads to. the Indicator 


Thermocoup/e Indicafor 


3A—Diagram of Thermoelectric Circuit 


having Two Positive 
to the Indicator This is a 


Modification of Diagram in Fig. 3. 


the color oft 
In any case the manufacturer provides some means 


ways distinguishable by marks at their ends, or by 
the insulation. 


of identifying the leads and will furnish instructions for wiring 
according to his particular method. 


Burying the cold junction in the ground is one way to take 
care 


ire of it. The junction should be at least ten feet down and safe 
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from moisture and the heat from hot pipes or flues: A good m 
is illustrated in Fig. 5. A 2-inch pipe forged sharp and capp 
driven into the ground and nearly filled with heavy oil. A 
inch pipe within this and fitted at the top contains the wires. 
better to install at least two pairs of extension leads. The 


junctions are hard soldered or welded (using borax) and wra; 


Thermocouples 


Commutfating 
Switch 


Fig. 4—Diagram of Thermoelectric Circuits Using One ( 


old 
Junction for any number of Hot Junctions. 


with tape. One pair of the leads is used to measure the tempera 
ture of the bottom of the hole. We will leave it to the reader a 
to how, by aid of a thermometer at the terminals of an indicator, 
to measure the cold-junction temperature. This should be done 
from time to time and recorded, or used in making adjustments 
described in later paragraphs. 

Methods for automatic compensation for variation in tly 
temperature of the cold-junction are described in section V. 


IV. INDICATORS AND RECORDERS 


a. Maillwoltmeter Type. 
1. Indicator. 


A millivoltmeter is an instrument for measuring millivolts 
“thousandths of a volt.” The inner parts of an ordinary type 
shown in Fig. 6. The main parts are (1) a permanent magne 
(2) a moving coil of fine copper wire mounted to turn betwe 
the poles of the magnet, (3) a light and long pointer (made 
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iluminum tubing) attached to the moving coil, and (4) a scale 

id the deflections or positions of the pointer and coil. 

[he permanent magnet has been heat treated in such a way 

its magnetism or strength will stay constant for years, that 

is permanent. 

lhe moving coil is made very light, to swing easily, and 

ted on steel points resting in jewelled bearings. Some manu- 
facturers support the coil on only one pivot, and others support it 


~ 
~ 
7 
N 
\ 
6 
t 
2 
NY 


Fig. 5—Sketch Showing a Good Method 
for Maintaining a Constant Cold Junction. 


mall metal strips or “suspensions.” This coil is connected to 
two terminals of the indicator. 
in order to understand the use of a millivoltmeter, it is neces- 
to know how it works. The action is very much like that of 
tor, only the moving part is kept from turning too far by 
springs. An electric current forced around the electrical cir- 
by the e.m.f. or millivoltage of the thermocouple makes the 
urn. The amount of the current will depend on the e.m.f. of 
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the thermocouple and the electrical resistance of the circuit 
strange to say, a muillivoltmeter is really a milliammeter, and 
dications or deflections of the pointer are proportional t 


\ 


current. This is unfortunate, because it is the e.m.f. of the 


\ 


which we want to know, or else the temperature which cont; 


e.m.f. Now in order to use a millivoltmeter correctly, the resistance 


Fig. 6—Photograph of the Ordinary Type Maillivoltmeter 


of the circuit (thermocouple, leads, and indicator) must be care 
fully adjusted. The maker of the pyrometer calibrates or tests 
the indicator for a fixed or definite resistance, for example, 100 
ohms. Allowance may be made for a certain amount of resistance 
of the thermocouple and leads. An arrangement might be: 100 
ohms in the indicator and 10 ohms in the outside or external cir 
cuit, making a total of 110 ohms. Suppose the couple or leads 
were injured and had 20 ohms instead of 10 ohms. Then the 
current in the circuit would be reduced almost 10 per cent, and the 
indicator would be 10 per cent “off”, 10 per cent of 1000 degrees 
is 100 degrees, and an error of 100 degrees is intolerable. To pre- 
vent this, the pyrometer must be carefully installed and the con- 
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nections kept clean and tight. [ven then small changes in the re- 
sistance will occur. For this reason the best indicators are made 
with a high resistance so that a small change in the resistance of 
the line or the thermocouple will not give an appreciable error. 


|ow-resistance indicators are on the market, and some of the 
older types have a resistance of only one or two ohms. These 
indicators seldom indicate correctly and usually are so far wrong 
that they do more harm than good. 


It is difficult to recommend definitely the amount of resistance 
of the indicator which should be demanded. This will depend 
on the accuracy required, and the kind of installation. A  resis- 
tance of less than 10 olms should never be used. A resistance of 
100 ohms may be considered satisfactory provided the plant’ condi- 
tions make it possible to install the pyrometer so that the circuit 
will not change by more than a small fraction of an ohm. A re- 
sistance Of 200 ohms or higher is to be preferred. It cannot be 
made as high as desirable because the indicator would become too 
delicate for factory use. 


The pointer and moving coil are the most delicate parts and 
are very easily injured if the case of the indicator is opened. Only 
an expert instrument maker is able to handle and adjust these 
parts. Sometimes the coil and pointer stick or catch on dirt or 
dust which has gotten into the case. If light tapping on the case 
does not loosen the moving parts, the instrument must be returned 
to the maker for cleaning. The force developed by the electric 
current (from the thermocouple) flowing through the moving coil 
is very small. In a high grade indicator the thermocouple is al- 
lowed to deliver about 1/10,000 watt or about one millionth of a 
horse-power. It does not take a very large piece of dirt to stop 
the coil and pointer and make them stick. 


2. Recorder. 
A recording pyrometer can be used to great advantage by heat 


treaters in hardening and tempering finished work, in ‘soaking’ 
large parts, and in many other classes of work, in which the rate of 


heating must be controlled. It is a nuisance to control the rate of 


heating with an indicator, but it can be done by using a log sheet 


to write down readings regularly. The recorder does this auto- 
matically by momentarily pressing the pointer of the meter against 
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the record paper at regular intervals, while the paper is 
moved along under the pointer. In this way the rate of risk 
of the temperature of the furnace is shown as a curve on thx 
This rate of heating will not be very different from that 

piece of steel being treated, if the thermocouple in the fur 
very near or touching the piece. 

The recorder is a continuously running machine, and 
must be carefully attended. It must be kept clean and i: 
cases oiled, and directions given by the pyrometer manuf: 
must be followed. Whenever the paper chart is changed, 
justments made, be sure to notice the position of the point 
see whether it is swinging free or caught tight under the pr 
bar. 

Many recorders are made to take care of more than one ¢| 
mocouple. They are then called multiple or multiple point r 
corders, and have a commutating switch, that is, a switch fo1 
necting each thermocouple in turn. There is nothing complicated 
about the electrical circuit. Each thermocouple is connected to th 


switch. The circuit for each thermocouple can be considered 


itself, because the switch connects only one couple at a time, and 
disconnects all others. 


Everything stated in the section on indicators applies for 
corders. The resistance of the circuit and care of the cold juncti 
must be considered. Usually the meters of recorders are lowe 
resistance and stronger in construction. The recorders are nol 
moved about, and with well installed leads and thermocouple 
they will record correctly. However, a resistance of 50 ohms 
more is just as desirable as for indicators. 

b. Potentiometer Type. 

1. Indicator. 

A potentiometer is an_instrument for measuring e.m.f. (01 
pyrometry, millivoltage) without allowing any electric curren 
flow in the line and thermocouple. 

The potentiometer does this by balancing or “bucking” 
e.m.f. of the thermocouple with part of the e.m.f. of a small 
tery, usually a dry-cell. 

Fig. 7 shows the wiring diagram or electrical circuit 
potentiometer connected to a thermocouple. Current fron 
battery flows through the resistance a,b,c. The e.m.f. of the | 
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the point ‘c’ at a higher electrical potential than ‘a’. This 
rence in potential 1s nearly the whole e.m.f. of the battery. At 
it b, somewhere along the resistance the em.f. from ‘b’ to ‘a’ 
exactly equal the e.m.f. of the thermocouple T. When this is 
and the e.m.f. of the thermocouple “bucks” the e.m.f. along the 
stance, the meter *G’ will show that no current is flowing in the 
rmocouple. When the e.m.f. of the couple changes, the point ‘b’ 
he moved along the resistance to balance the e.m.f. The 


Fig. 7—Diagram of an Electrical Circuit of 


a Potentiometer Con- 
ected to a Thermocouple. 


positions of ‘b’ are marked in millivolts or temperature, so that by 
balancing e.m.f.s, temperature can be measured. 

[he battery cannot be depended upon to keep a steady or 
standard current flowing in the circuit. So it is necessary to ad- 
just the current. This is done by balancing the battery against a 
standard cell. The standard cell and battery are contained within 
the case of the instrument. The battery must be renewed when it 
is found that it will not furnish enough current. 


(he directions for operating a potentiometer are simple, but 
must be followed carefully. 


(he manufacturer furnishes: directions with each instrument 
ating how to connect the thermocouple, obtain a balance against 


the standard cell, then against the thermocouple. 


ot 


After one bal- 
icing against the standard cell the current from the battery will 
stay constant for a few hours, and need not be readjusted for 
every reading, 

he scale of the potentiometer can be made very long so that 


differences or changes in temperature can be read. Besides 
eadings of the instrument are not affected by changes in the 
resistance of the thermocouple and leads. On this account a port- 


le potentiometer is very convenient for checking installed in- 
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2. Recorder. 
Briefly, a potentiometer-recorder is a potentiometer 
mechanism for automatically performing the balancing of | 


(described above), and for printing or drawing a curve | 


record paper. There are two general types. (1) Single-poi 


curve-drawing recorder. The pen of this recorder remains ii 
tact with the paper and a full-line curve is drawn. The re 
does not, ordinarily, automatically adjust its standard curren 
this must be done by hand. (2) Multiple-point recorder. | 
corder is made for four or more thermocouples and_ prit 
record by numbers corresponding to thermocouples. For exai 
a line of 4’s shows the variation of temperature, instead of} 
or a row of dots, 

There is not space in this treatise to describe the mechanis 
of the potentiometer recorder. The user of the instrument shou 
very carefully study the instructions supplied by the manufactu 
A working knowledge of the instrument is necessary, to get 
greatest usefulness out of it. 

Do not attempt to make adjustments nor arrange a_ special 
circuit without thoroughly studying the scheme, and sketching th 
circuits. The external circuits—that is, couples and leads ar 
identical to those used with millivoltmeters, excepting the variabl 
length or resistance of leads, which must be kept constant for 
millivoltmeter-recorder. 

V. CoLp-JUNCTION COMPENSATION 

When extension leads are used or when the thermocoupl 
directly connected to the instrument without any leads, the co! 
junctions may be at the terminals of the indicator or recorder. In 
this case, automatic cold-junction compensation can be used 

Automatic compensation needs no attention besides the pr 
caution of placing the indicator (or recorder) where there are no 
sudden changes of temperature. The automatic device will to! 
adjust itself to sudden changes of temperature of the cold junctions 

The simplest method of adjusting for the cold-junction temp 
erature is by turning the pointer of the millivoltmeter (by mean 
of the zero-adjuster) to read this temperature or equivalent e.™.! 
on open circuit. This method is very satisfactory if the cold jun 
tion is buried or otherwise kept fairly constant. 


T 


The hand-adjusted compensator provided for potentiomet 
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‘indicators or recorders is operated by simply turning a knob to 
read the temperature or e.m.f. of the cold junctions. It consists in 
a separate slide-wire resistance and a moving contact to add to the 


em.f. of the couple the cold-junction e.m.f. 


Vl. INSTALLING PYROMETERS 
Thermocouple or Fitre-end. 


(he thermocouple permanently installed should be mounted 
firmly in the furnace wall, with the hot end extending well into 
the furnace. For example, a fire-end with a protection tube 3/4 
inches in diameter should extend into the furnace at least 8 inches. 
lf less than this the end will not be as hot as the furnace. The 
couple must not be placed where flames will strike it, and the hole 
in the furnace wall must be filled or packed tight or covered by a 
flange, so that heat from the furnace will be kept from the terminal 
head, and cold air will not be sucked in upon the hot end. 

In a heat treating furnace it is convenient to place the thermo- 
couple so that the hot end can be seen through the door. If pos- 
sible, it is a good plan to mount it so that the pieces of steel can 
be put against the protection tube. In this way the temperature 
of the couple and of the steel will be nearly the same. 

lf this is not done the furnace temperature must be uniform 
enough so that the temperature indicated by the pyrometer will be 
the temperature of the steel being treated. 


b. Leads or Connecting Wires from Thermocouple to Indicator. 


Che best way to install leads is in iron conduit similar fo 
ordinary electric wiring. The conduit should be kept cool and dry 
and must not be in electrical connection with lighting or power cir- 
cuits, 


If the leads are not in conduits, mount them out of the way. 
When the cold junction is buried, place it near a wall or an up- 
right post or girder of the building, so that the wires can be 
led to it conveniently. 


If extension leads are used it is often necessary to use a cer- 
tain length provided by the manufacturer of the pyrometer. The 
leads should be bought to reach exactly from fire-end to indicator. 
¢. Indicator. 

(he place to put an indicator is decided by where it will be 
easily seen, and at the same time, where it will be away from the 
heat, dust, and fumes around the furnace. Mount it firmly, on 
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a post or wall free from vibration or jar. If possible, ha 
service man of the manufacturer advise where to place th 
cator or the recorder. The pyrometer manufacturers mak 
cial wall-type indicators, which can be bolted or screwed 
wall, the scale showing in front. The portable millivoltm 
potentiometer used in a semi-permanent installation shou 
placed on a shelf or table, face up. If it is particularly nec 
to stand a portable millivoltmeter to be read from a distan 
sure to adjust the pointer to read zero or the cold-junction ten) 
ture, with the meter in such a position. 


d. Recorder. 


A recorder requires more careful selection of a place 
mount it. The necessity of opening the case to remove or re)! 
the record paper, increases the possibility of getting dirt int 
instrument. For this reason it is best to mount the recorde: 
a side wall, or near it, where it can be kept clean. 


Special panels or instrument boards are sometimes adv) 
especially when the heat treating room is very large, and furna 
are far from the walls. They are too expensive to use to n 
a single indicator, but may be preferred for a recorder, or fou 
five indicators. 


Connecting the Thermoelectric Circuit. 


Connecting the circuit of thermocouple, leads and instrument !s 
a “+ and — job.” The terminals of the indicator are always 
marked, and likewise the terminals of the mounted thermocouple 
Extension leads are either marked + and — or are distinguishable 


1 


by the color of the insulation. If there is any doubt about the 


polarity of the leads connect them first to the indicator and _ short 


the other end by clamping or merely holding the ends together 


in contact. Warming this contract a few degrees should make th 


meter read plus. If it does not, reverse the connections at 
meter. Now connect the thermocouple. If the extension leads ar 


connected wrong, that is, if the plus lead connects the minus term 


inals of fire-end and indicator the result is double errors at 
T . : i eee chown 
ends of the leads. The right ways to connect circuits are show! 


in Figs. 1 to 4, which give the common kinds of circuits usually 
employed. 
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VIl. CHECKING THE PYROMETER 
The Thermocouple. 


The deterioration of the thermocouple, that is, the change 
caused by oxidation of the wire, or contamination of it by vapors 
is unavoidable, and is more rapid the higher the temperature. The 
e.m.f. of the thermocouple almost always drops off with age, and the 
pyvrometer reads too low. Months are required to cause large 
errors, unless very high temperatures are used. For example, a 
base-metal couple used at 2000° Fahr. ought to be checked about 
once a week. 

A portable checking outfit is highly recommended. A good 
base-metal couple insulated with fireclay, without any protection 
tube, connected by a few feet of extension leads to a portable milli- 
voltmeter or potentiometer are very 


satisfactory for checking 
temperatures not over 1800° Fahr. 


Above this, use a rare-metal 
thermocouple protected with a 1/2 inch glazed-porcelain tube. 

The best way to check an installed fire-end is to put the check- 
ing thermocouple or standard into the furnace alongside it. It is 


very important to be sure that the furnace temperature is uniform 


enough so that both thermocouples are really at the same tempera- 
ture. 


One good way to be sure about this, is to use an unpro- 
tected thermocouple and put it in the same protection tube with 
the installed one. Sometimes this cannot be done, and the next 
best way is to put the hot junction of the standard hard against 
the protection tube of the installed thermocouple, keeping the fur- 
nace at a steady temperature, near the temperature which is used 
most. If the installed fire-end gives a reading say 980 degrees 
when the standard indicates 1000 degrees, use a percentage cor- 
rection, that is, 1000-980/1000 or 2 per cent., and not a flat 20 


degree correction. It is better however to check at a temperature 
] 


close to the one used most. 

The Indicator. 

The first thing to do is to see what the indicator reads on 
open circuit. If an indicator is graduated only in degrees of 
temperature, that is, if the scale only reads temperature and not 

m.f., the only simple way to be positive that it is all right, is to 
ubstitute another indicator of the same type. If the scale is a 
ble one, and also shows e.m.f.—or only e.m.f—the indicator . 
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can be checked by substituting a portable meter or potentiom 


which indicates e.m.f. If the installed indicator reads too | 
return it to the maker. If it reads too low the resistance of 
line may be too high, from bad contacts or partly broken lea 
In this case the portable indicator will also read too low un 


ea 

il 
S 

i 

1 

ics 


it is a potentiometer or a millivoltmeter which has a very hich 


resistance—high enough to swamp out the resistance effects of the 


leads. 

The commonest trouble with indicators is sticking of th 
moving coil and pointer, It is easy to learn if this is happening 
by watching the pointer move and by tapping the instrument wi | 
the knuckles or fingers. Occasionally the only cause of sticking js 
a loose scale which touches the pointer, or some paper fibre o1 
dust sticking to the scale. When quite certain that this is not the 
cause of sticking the instrument may be returned to the make: 
for repairs. 

The Leads. 

Inspection of the leads and their connections should be mack 
occasionally. If the leads are suspected of being the cause of ai 
open circuit, connect the fire-end to the indicator with some cop 
per wire, after disconnecting the installed extension leads. [ach 
side (+ and —) of the leads can be tested separately. When 
both ate off and the fire-end connected with copper wire only, thi 
cold junctions are at the terminal head of the fire-end. This will 
require correction of the reading indicated with copper leads. 

Do not allow the plant electrician to test the leads for breaks 
or grounds without disconnecting the indicator. 

If a ground to the lighting or power circuit is suspected, the 
surest way to prove it is to find the main switch and throw off all 
high voltage circuits. If, by the change, a connection is shown be 
tween pyrometer and lighting circuit, carefully examine the entire 
pyrometer installation. The connection may be through metal at 
a furnace, along a wet wall, through wet ground (particularly to 
a buried cold junction), or through the conduit when wet inside 


+ 


When a final check on the pyrometer as a whole does no! 
give a result which satisfies good judgment, consult with others 
and get in touch with the pyrometer manufacturer, the local A. 5 
S. T. or anyone known to be using pyrometers. 
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Before consulting others, it is wise to rehearse your trouble, 
and to be sure you can blame it on the pyrometer and not on some 
forgotten change in procedure or practice. 


VIII. IMportTANtT PoINts To REMEMBER 


A pyrometer indicates the temperature of the fire-end, and un 
less the furnace is uniformly heated, the indicated temperature will 
represent only the part of the furnace near the fire-end or thermo 
couple. 

Have the thermocouple installed where the hot end of the 
protecting tube can be seen through the furnace door or through 
a peep-hole. Put the thermocouple as near the work as conven- 
ient. Suppose the steel is to be quenched from 1500° Fahr. Heat 
slowly and evenly until the pyrometer indicates 1500° Fahr. To be 
sure the work is at the indicated temperature, look through the door 
and compare the brightness of the work and the fire-end. Ex- 
perience has shown that the temperature of the work can be very 
accurately adjusted to the temperature of the fire-end by this 
method; and with care this accuracy can be gotten to plus or 
minus 10° Fahr. 


There is one precaution necessary in the above method. In 
some furnaces the flame strikes against a part of the wall and 
heats it to an extra high temperature. Light from this hot spot 
or from the bright flame may make the fire-end or the work ap- 
pear hotter than they really are. 
furnace or the burner. 

About the Cold Junctions. 


Know what the cold junction temperature is, by 


To avoid this trouble change the 


measuring 
it with a thermometer, unless the pyrometer is equipped with 
an automatic cold-junction compensation device. 

Extension leads do not compensate for cold-junction tempera- 
ture. They only move the cold junction away from the furnace. 
If the pyrometer is not corrected for the cold-junction tempera- 
ture, it will indicate a wrong temperature of the furnace. 

About Extension Leads. 


Be sure the plus and minus wires are connected to the plus 
minus terminals of the thermocouple, (fire-end). 


an« 


Do not use extension leads intended for base-metal thermo- 
couples, for rare-metal thermocouples, or vice versa. 
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Do not let extension leads get wet particularly those insul. 
with asbestos. 

Kxtension leads have a high electrical resistance and sh 
only be used in specified length supplied by the manufactu 
(unless the indicator or recorder is a potentiometer). 

About the Thermocouple. 

Different types of thermocouples will not indicate the s; 
temperature unless they are connected to an indicator or reco) 
intended for them. 


If the wires or elements of a thermocouple break they can 


welded together again. In welding base-metal thermocouples 
borax as a flux. 

Use no flux on rare-metal wires. 

An oxy-gas or oxy-hydrogen flame is required to weld a rai 
metal thermocouple. 

Throw away“old base-metal thermocouples so that nobody 
use them and get into trouble. 

About Indicators and Recorders. 


Indicators and recorders must be mounted where vibration 
and jar will not injure the delicate parts of the mechanism, and 
where they are not exposed to corrosive fumes, smoke or dirt 
water, or excessive heat. They must not be mounted on a hot 
furnace wall, or where radiation or hot air from the open furnac 
door, or from the hot work removed from the furnace will heat 
them high enough to feel at all uncomfortably warm to the hand 

Do not open the case of a millivoltmeter. If the pointer stick: 
and cannot be loosened by tapping the case with the knuckles, 1 
turn the indicator to the maker to be cleaned. 

Do not let lighting or power circuits get crossed with the 
pyrometer circuit. A pyrometer will not stand more than one 
tenth of one volt (0.1 volt)-in its circuit. 

When using a multiple point potentiometer recorder, alway 
short the “points” not in use. Otherwise the instrument. will 
drift on these points and confuse the record. 

Potentiometer recorders are supplied with means for indicati1 
when the battery cells are run down. Use only one dry cell 
series (any number in parallel). 

Any pyrometer will usually indicate wrong if anything aly 
it is wrong. 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing 
of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 
to Refer to Serial Numbers of Questions 


NEW QUESTIONS 


QUESTION NO. 93. What are the more common methods 
yuenching ordinary taps? Are they quenched all over and the 
shanks drawn, or are they quenched only on the threaded portions; 
rare both the threaded portions and the tangs quenched, leaving 
center portion of the shank soft? 


QUESTION NO. 94. What are the most salient causes of 
explosive disruption of many hardened steel articles? 


OUESTION NO. 95. What is meant by “self hardening” 


/ 
Cid: 


ANSWERS TO OLD QUESTIONS 


QUESTION NO. 67... What is the reason for the fact that a 
of steel quenched m brine will be harder than the same piece 

steel would be if quenched in water, providing that the quench- 
temperatures and quenching medium temperatures are the 
in each case? 


(he answer to this question appearing in the June 1923 issue 
| RANSACTIONS, has caused the following discussion. 


DISCUSSION. By H. W. Lincoln, industrial heating engi- 
Connecticut Light & Power Co., Waterbury, Conn. 
‘he reason given that brine has a higher specific heat than 
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water would be a very logical explanation, but most autho: 
give brine a lower specific heat varying from 0.99 per cent f 
one per cent solution to 0.78 per cent for a 25 per cent solu 
furthermore, although the specific gravity of brine is higher | 


that of water, the product of specific heat and specific gravity 


for any given brine solution is less than one per cent, meaning 


a given volume of brine will absorb less heat per degree Fahr. rise 
in temperature than the same volume of water. According to 
Smithsonian Physical Tables, the conductivity of brine is less t! 
that of water and its viscosity is higher, both of which fact 
would tend to make the quenching speed of brine less than that 
water. 


oft 


In fact, the only reason which the writer has been able to 
find for the greater quenching speed of brine is that there is less 
hability of a steam blanket forming around the piece being 
quenched. It would seem that this property can be due only in part 
to the higher boiling point of brine, as the boiling point is raised 
only about 9 degrees Fahr. for a 25 per cent solution of brine 
The claim has been made by some steel treaters that a piece of 
steel can be made harder by quenching in pure water than in 
brine and it would seem that this might be true of a small piece 
which could be moved about rapidly so that the steam blanket 
would not form. 


QUESTION NO. 69. Is sulphur up to O1O per cent detri- 
mental to the quality and physical properties of an automotir 
steel? 


QUESTION NO. 72. What elements are conducive to good 
electric butt-welding of steels? 


QUESTION NO. 73. Does electric butt-welding destroy th 
physical properties developed ina steel which has been heat treated 
prior to the welding operation? 


QUESTION NO. 74. Why shouldn't a bar of steel rolle: 
from a locomotive axle be better than one rolled direct from tl 
billet made from the original ingot? 
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QUESTION NO. 83. In annealing high-carbon tool steel 
in an open-fire furnace 6’ x 12’ is it likely that sulphur would be 
imparted to the steel by the use of producer gas made from coal 
unusually high in sulphur, say around 1.50 to 2.00 per cent? 


QUESTION NO. 85. What is the best method of prevent- 


ing carburization in holes, or in the bore of parts to be case hard- 


Che ad? 


QUESTION NO. 88. What are the flash and fire points of 
the principal vegetable, animal and mineral oils? 


\NSWER. The following list gives the latest determinations 
of the principal vegetable, animal and mineral oils: 


Flash Fire 
Degrees Degrees 
Kahr. Kahr. 

Corn se ett b deh 480 635 
‘ottonseed eee ' eee : ee Ae Baca 582 644 
Prime Lared. 530 644 

600 


Name 


Lee 468 
Boiled Linseed oe oe ; 57 


$72 
Raw Linseed. . 
Ne atsfoot. 
Olive - 
Light Mineral Oil (25 degrees Beaume).............. 
75 per cent Light Mineral, 225 per cent Neatsfoot.... 
75 per cent Light Mineral, 50 per cent Lard... 
50 per cent Light Mineral, 50 per cent Lard...... 
25 per cent Light Mineral, 75 per cent Lard. . 
Sperm No. 1 
Sperm No. 2 


rs 
x 


Ann > enn 
~I~mI & hr 
— iu Go 


QUESTION NO. 89. What are the melting points of the 
principal chemical clements? 


\NSWER. 


The following gives the latest determinations of 


melting points of the principal chemical elements, supplied by the 
United States bureau of standards: 


Degrees Degrees Degrees Degrees 
Element Cent. Fahr. Element Cent. Fahr. 
Aluminum......... 659 1218 Mercury.......... -—39 —38 
Antimony 630 1166 Molybdenum 2500 4532 
Barium........... 850 1562 Nickel........... 1452 2646 
Bismuth. .....:.... 271 520 Nitrogen......... —210 —346 
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Element ™/, °F Element Cc 

ee . 2200 3992 Oxygen ao 218 
Calcium... oer 810 1490 Palladium. .. 1549 
Carbon ey 3600 6510 Phosphorus...... 44 
Chlorine 102 151 Platinum.... 1755 
Chromium........ 1520 2768 Potassium. . a 62 
Cobalt... swat 2696 Silicon. .... ax Sa 
0 ee eee : 1981 gi 960 
Gold..... Sesh 3 1945 Sodium 97 
Hydrogen. . ; ‘ 434 Sulphur Sl... 113 
I ol a ‘ 236 rm 2850 
Iridium..... 35 4262 232 
2786 Titanium. . : 1800 

ote anes : 621 Tungsten 3000 
Magnesium........ ' 1204 Vanadium.... 1720 
Manganese........ ) we Perr rere 419 


QUESTION NO.90 Please give the temperatures and 
sponding temper colors used in the drawing of carbon steel. 


ANSWER. The following list gives the temperatures and 
responding temper colors produced by heat in the drawing of cai 
bon steel. 


Cent. degrees Fahr. degrees Colors 


215.6 420 Very Faint Yellow 
221.11 430 Very Pale Yellow 
226.67 440 Light Yellow 
232.23 450 Pale Straw Yellow 
237.78 460 Straw Yellow 
243.34 470 Deep Straw Yellow 
248.9 480 Dark Yellow 
254.45 490 Yellow Brown 
260 500 Brown Yellow 
265.5 510 Red Brown 

271. 520 Brown Purple 
276. 530 Light Purplej 
282.2: 540 Full Purple 

287. 550 Dark Purple 

293. 560 Light Blue 

298.‘ 570 Dark Blue 


QUESTION NO. 91. Please state the temperatures and 


responding colors used in hardening carbon steel. 


ANSWER. The following are the latest determinations ¢'\ 
ing the temperatures and corresponding colors in hardening carbon 
steel. 





QUESTION BOX 


degrees Kahr. degrees Colors 

400 752 Red Heat, visible in the dark 
474 884 Red Heat, visible in the twilight 
525 977 Red Heat, visible in the daylight 
581 1077 Red Heat, visible in the sunlight 
700 1292 Dark Red 

800 1472 Dull Cherry Red 

900 1652 Cherry Red 

1000 1832 Bright Cherry Red 

1100 2012 Orange Red 

1200 2192 Orange Yellow 

1300 2372 Yellow White 

1400 552 White Welding Heat 


QUESTION NO: 92. What is meant by reduction of area 
in tensile testing of metals? 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


FATIGUE FAILURE OF METALS. By C. F. Jenkin in Proceedings 
of the Royal Society (London), No. 1034 A, page 121 (1923). 


The above article offers a theory to explain the mechanism of fatigu 
failure up to the yield point in which it is assumed that some of the crystals 
are initially stressed, and that the fatigue range is the same as the elastic 
range. It does not explain the effect of test speed or deviations from Hooke’s 
law. It has been applied only to wrought iron, steel, michrome and carbon 
and is probably not applicable to brittle metals. 


CONTROLLING CAST-IRON HARDNESS. By S. J. Felton in 
Foundry No. 51, page 321 (1923). 

This article states that metallographic study showing the different con 
stituents indicates the causes of hardness. Control methods are outlined 
It further states that close-grained iron is not likely to be porous but has 
large mternal shrinkage. 


EFFECT OF ANNEALING GRAY IRON. By J. F. Harper and R. S 
MacPherran, in /*oundry No. 51, page 177 (1923). 


The authors of the above article state that test bars heated at different 
temperatures for various lengths of time show changes in strength and 
hardness caused by annealing. Charts are given showing the results and m 
crographs shown. 


THE IMPORTANCE OF PHYSICAL CHEMISTRY IN THE ME! 
ALLURGY OF IRON. By R. Schenck in Stahl und Eisen, No. 43, pages 
65 and 153 (1923). 


In this article the author discusses the importance of the phase rul: 


and its applications in blast furnace practice. Illustrations of curves and 
calculations are given. ‘ 


PROGRESS IN THE MANUFACTURE OF MARTIN STEEL. B) 
A. Barberot in Revue de Metallurgie, No. 20, pages 1 and 95 (1923). 


This article gives a detailed review of the development of the process 
and the equipment used, from the beginning until the present day. 
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NEW METHOD FOR CASE HARDENING. By Frank Hodson, in 

wical and Metallurgical Engineering, No. 28, page 308, (1923). 

In this article the author shows how the carbon in the gas in the car- 
hurizing pots is materially increased by means of a catalyzer. The advan 
tages in the use of this method are given. 


LOW-TEMPERATURE BRITTLENESS IN SILICON STEELS. 
By N. P. Pilling in Transactions of American Institute of Mining and 
Metallurgical Engineers, No. 1220-S, (1923). 

This article states that the brittleness of silicon steel is an inherent 
property of iron, modified by the alloyed silicon. Commercial silicon 
hecomes brittle when the silicon content exceeds 4.2 per cent. 


steel 
Temporary 
ductility may be obtained by carrying on cutting operations at temperatures 
slightly above the atmosphere, the temperature depending on the steel 
composition. Brittleness is only slightly modified by heat treatment. The 
purest iron shows a similar brittleness at about 130 degrees. Silicon and 
aluminum raise, and manganese lowers the critical ductility temperature. 


MALLEABLE-IRON METALLURGY. By M. M. Marcus, in Foundry 
No. 50, page 995, (1922). 


The above article states that on account of the lower carbon and silicon 


contents and consequent higher melting point, cast iron for malleablizing 


must be poured more rapidly and at a higher temperature than gray iron. 
There is also discussed the effect of varying amounts of carbon, silicon and 
manganese, and data are given on annealing. 


OPEN-HEARTH STEEL PRACTICE. By Willis McKee, in Foundry 
No. 50, page 990, (1922). 

This article states that combustion that is imperfect or delayed until 
after the gases have passed over the charge is the greatest cause of low 


thermal efficiency, and also causes damage to uptakes, slag pockets, and 
regenerators from overheating. The blowtorch 


principle, using ports of 
such design that the air and gas mix before entering the hearth chamber, 
prevents this trouble. The entering velocity must be high to keep down 
combustion in the ports. The melting time is greatly shortened. In using 
this method it dispenses with gas regenerator chambers when producer gas 
is used, and to make the gas near the furnace and conduct it through insulat- 
ed steel mains. This would simplify construction and should give additional 


fuel economy. The design of ports is discussed, with diagrams. 


METALLURGICAL APPLICATIONS OF PHYSICAL CHEMISTRY. 
By C. H. Desch in Journal of Chemical society, No. 123, page 280, (1923). 
In this article the author has selected a number of subjects to indicate 


the large field for co-operation between the physical chemist and the metal- 
lurgist 
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Reviews of Recent Patents 


1,449,206. Method of and Apparatus for Heavy Spot Welding. 
James M. Weed, Schenectady, N. Y., assignor to General Electric Com 
pany, a corporation of New York. 


This invention refers to a method of spot welding plates or struct 
parts by compressing the plates between electrodes through whic! 
welding current is passed, characterized by the fact that the surfaces 
be welded are provided with a coating adapted to furnish a relatiy 
high contact resistance between the plates and by the fact that the 
faces of the plates where they are engaged by the welding electro 
are made to furnish a relatively low contact resistance. 


1,449,251. Electric-Furnace Regulator. John A. Seeds, Schenectady, 


N. Y., assignor to General Electric Company, a corporation of New 
York. 


This patent relates to a regulating apparatus for an electric arc 
nace having co-operating electrodes, comprising a furnace circuit, mea: 
for feeding at least one of said electrodes toward the co-operating ele 
trode to maintain an arc, and means for rendering said feeding mea 
inoperative when the voltage between said electrodes falls below a p 
determined value, while the supply voltage in said furnace circuit is 
great as a said value. 


1,449,307. Electric Furnace. Leone ‘Tagliaferri, Genoa, Italy 


This invention refers to an electric furnace for melting metal, whi 
consists of two sets of electrodes, the separate electrodes of one set 
being each connected to the source of current to be in one phase ther: 
and the electrodes of the other set being connected to the neutral o! 
the source of current and to the body of the furnace, and said electrodes 
being positioned so that the axis of one set cross the axis of the othe! 
set and each set being movable relative to the other set and the body 
the furnace, so that arcs may be produced either between the two 
of electrodes above the bath or the one set of electrodes and the met 
carried by the body of the furnace. 


1,449,319 Process of Melting and Deoxidizing Steel. Albert 
Greene, Seattle, Washington. 


This relates to a method of treating iron or steel which cons! 
in melting the same on a basic hearth with an oxidizing slag, rem: 
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said slag and applying to the bath a finishing slag comprising lime 
silica in approximately such proportions as to form a neutral mix- 
e which is neither strongly acid nor strongly basic, and finishing the 
tal with said slag. 


1,449,338. Alloy and Process of Making the same. Frederick T. 


McCurdy, Kokomo, Ind., assignor to Haynes Stellite Company, a corpor- 
ation of Indiana. 


[his patent refers to a metal alloy comprising cobalt, a metal of 

chromium group, and tantalum, the cobalt and metal of the chrom- 

group each being present in the proportion of at least 10 per cent. 
nd the tantalum being not substantially in excess of 5 per cent. 


1,449,369. Welding Apparatus. James L. Anderson, Bayonne, N. J., 
assignor, by mesne assignments to Air Reduction Company, Inc., New 
York City, a corporation of New York. 


This invention refers to a welding apparatus which provides for a 
means for holding sheet metal parts with their edges in relation to be 
fused by the welder, comprising one or more electromagnets and arma- 
tures, constituted as a support beneath the work and separated clamp- 

arms above, to grip the part to be united while exposing the seam, 
the lines of force passing through the work between the magnet poles at 
one side and the armatures at the other. 


1,449,373. Corrosion-Resistant Alloy. Wesley J. Beck and James A. 
Aupperle, Middletown, Ohio, assignors to the American Rolling Mill 
Company, Middletown, Ohio, a corporation of Ohio. 


his patent refers to a workable iron alloy highly resistant to 
destructive corrosion under atmospheric conditions, and fabricated into 
iorms for use under exposure to such conditions, containing silicon 
ranging upward from substantially two per cent to a percentage not so 
high as to render it unworkable and containing more silicon than any 
other alloying metal. 


1,449,546. Iron Purifying and Balling Furnace. Oswald S. Pulliam, 
New York City. 


his patent refers to a furnace which comprises a rotatory hearth, 
ind agitating means movable in a circular path over the surface of said 
hearth, and in contact therewith. 


1,449,637. Process of Welding Copper to Iron. Guglielmo Roberto 
Tremolada, Detroit, Mich., assignor to Detroit Air Cooled Car Com- 
pany, Detroit, Mich., a corporation of Delaware. 


This patent relates to a process which consists in subjecting copper 
taining an iron alloy to molten iron in a suitable mould, whereby the 


pper may be fused through the heat of said molten metal and be- 
¢ an integral part of the casting formed from the iron in said mold. 
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ADDRESSES OF NEW MEMBERS OF THE AMERICAN SOCIETY For 
STEEL TREATING 


EXPLANATION OF ABBREVIATIONS. M represents Member; A represents Associate \{ 
ber; S represents Sustaining Member; J represents Junior Member, and Sb represents Subs 
Member. The figure following the letter shows the month in which the membership became eff 


NEW MEMBERS 


ACKER, L. F., (M-8), No. 2 Wellsford St., Pittsburgh, Pa. 
BEDEL & Co., (Sub.), St.Etienne, Paris, France. 
BELLRINGER, S. M., (M-8), 161 S. Church St., Waynesboro, Pa 
BLUE, A. A., (M-8), c/o The Duff Mfg. Co., Pittsburgh, Pa. 
BOEGEHOLD, A. L., (M-7), General Motors Research Corp., Day 
ton, Ohio 
BROWN, H. A., (M-8) c/o British Embassy, Washington, D. C. 
DONAHUE, J. L., (M-8) 66% Whittier Ave., Providence, R. I. 
ERTEL, JR., J. C., (M-6), 226 Adelaide St., Indianapolis, Ind. 
FERNOLD, E. H., (Jr-8) Saco-Lowell Shops, Lowell, Mass. 
GIBBONS, JAMES, (M-4), 436 Milwaukee St., Milwaukee, Wis. 
GILL, R. L., (A-7), Room 802-109 N. Dearborn St., Chicago, II. 
GOLDCAMP, CYRIL F., (M-8), 337 Atwood St., Pittsburgh, Pa. 


HLEN, ALF, (M-5), c/o Strommenst Verksted, Strommenst, Norway, 

INCOLN, THOMAS J., (M-8), 59 Judd St., Bristol, Conn. 

AITTELL, NELSON, (M-8), 110 East 42nd St., New York City. 

EW DEPARTURE MFG. CO., (S-6), Plant “A” Bristol, Conn, Att 
Carl Anderson. 

NEW DEPARTURE MFG. CO., (S-6), Plant “C,” Elmwood, Conn 
Att.: F. Casey. 

NEW DEPARTURE MFG. CO., (S-6), Forge Plant, Bristol, Conn 
Att.: F. Mayer. 

NEW DEPARTURE MFG. CO., (S-6), Plant “C,” Elmwood, Conn 
Att.: Patrick Pepper. 

NEWELL, R. F., (A-6), c/o General Electric Co., 120 Broadway, New 
York City. 

ROBINSON, DON M., (M-5), 422 Main St., So. Weymouth, Mass 

SCHEIB, WALTER H., (M-7), c/o Buell-Scheib-Mueller, Inc., Colum- 
bia Bank Bldg., Pittsburgh, Pa. 

SIMMONS, CHARLES B., (M-8), c/o New Departure Mfg. Co. 

Bristol, Conn. 

STEINREICH, WM. E., (M-8), c/o New Departure Mfg. Co., Labora 
tory, Bristol, Conn. ° 

TIMM, F. M., (M-9), 1233 Jackson St., Hammond, Ind. 

VAN NORMAN, E. R., (M-5), 27 Gould Ave., Caldwell, N. J. 

WATTEL, CARL F., (M-9), 296 Sherwood Ave., Rochester, N. Y 

WHITNEY MFG. CO., (S-8), Hartford, Conn. 


4 


y 
| 
s 


CHANGES OF ADDRESS 


ARMITAGE, A. N., from c/o Laboratory Mesta Machine Co., Pitts 
burgh, Pa., to 4551 Huntington Drive, No., Los Angeles, Cal. 
ARNESS, W. B., from 2627 Nicollet Ave., Minneapolis, Minn., to 

Hotel Sydney, Gary, Ind. 
ARTHUR, WALTER, from Reeds, Mo., to Socorro, N. Mex. 
BEGLEY, J. P., from 1448 E. 72nd P1., to 6930 Crandon Ave., Chicago 


Ill. -? 
BLAKESLEE, MARSHALL E., from Fafnir Bearing Co. New Britain, 
Conn., to 2434 Orin Drive, Oakland, Cal. 
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-OWERS, WHEELER, from 464 E. 129th St., Cleveland, O.. to 1082 
FE. 141st St., Collinwood, O. 

-ROWN, WALTER, from Kent Owens Machine Co., 928 Wall St.. to 
362 Summit St., Toledo, O. 

\MPBELL, C. M., from Pioneer Alloy Products Co., to 1195 East 
124th St., Cleveland, O. 

CHABOT, J. M. T., from 115 Court St., to 1418 Magazine St., Charles- 
ton, W. Va. 

CONNER, C. M., from 2224 Market St., to 305 Wesley Bldg., 1701 
Arch St., Philadelphia, Pa. 

CROSBY, V. A., from 630 N. Walnut, to c/o Studebaker Corp., South 
Bend, Ind. 

DEGOWIN, W. R., from 1432-24th St., to 12057 Indiana Ave., De 
troit, Mich. 

DIETRICH, J. A., from 5656 Rogers St., to 2660 Webb Ave., Detroit, 
Mich. 

DIXON, E. O., from 895 S. Pierce St., Milwaukee, Wis., to 12121 Eg 
gleston Ave., Chicago, III. 

GANSER, J. N., from 415 S. Main St., to c/o Acme Machine Co., 
Mishawaka, Ind. 

GELDER, R. H., from 176-15th Ave., Columbus, O., to 704 E. Mont 
gomery Ave., Ashland, Ky. 

GLAB. PETER. from 502 E. Jefferson St., to 260 Fremont Street, 
Syracuse, N. Y 

GRAHAM, C. A., from 14656 Scripps Ave., to c/o Studebaker Corp., 
Plant No. 3, Detroit, Mich. 

GREAVES, ROBT. K., from 1336 W. Washington Blvd., Chicago, IIL, 
to 1620 W. Lafayette Blvd., Detroit, Mich. 

GRIFFITHS, E., from 59-16th Ave., Columbus, O., to Union Carbide 
& Carbon Research Lab., Inc., Thompson Ave. & Manby St., Long 
Island City, N. Y. 

GWILLIAM, John, from c/o The Gwilliam Co., 253 W. Sth St. 
New York, to 23 Flatbush Ave., Brooklyn, N. Y. 

HAZEN, ARTHUR J., from 30 Union St., to 517 Union St., Hart 
ford, Wis. 

HOLMES, J. Q., from Y. M. C. A., to 312 W. 8th St.,-Anderson, Ind 

HOWE, M. J., from 3915 Congress St., to 1706 Jackson Blvd., Chica 
go, Ill. 

HULBERT, L. G., from 4524 Avery Ave., to 1670 Calvert, Detroit, 
Mich. 

JENKS, W. E., from 11417 Continental Ave., to 13415 Edgwood Ave., 
Cleveland, O. 

JOHNSON, P. A., from 4933 N. Tripp Ave., to 3701 N. Drake Ave., 
Chicago, III. 

KRUGER, LOUIS R., from P. O. Box 256, Michigan City, Ind., to 817 
W. Washington Blvd., Chicago, III. 

LARCHER, A. J., from 15235. Center Ave., Harvey, Ill, to 305 Olive 
St., Blue Island, Il. ' 

LOCKE, A. C., from 19 Pleasant St., to 22 Sessions St., Bristol, Conn. 

LOUDENBACK, C. I., from 2407 First National Bank Bldg., to 2725 
Carter Ave., Detroit, Mich. 

MAROT, E. H., from 7404 Hanover St., Detroit, Mich., to 2506 Vir- 
ginia Park, Detroit, Mich. 

MARTELL, FRED, from 1526 S. Main St., to 930 E. Donald St., 
South Bend, Ind. 





TRANSACTIONS OF 
442 AMERICAN SOCIETY FOR STEEL TREATING Sept 


McOMBER, M. F., from 924 E. Liberty St., to 924 Maryland. 
Liberty Station, Pittsburgh, Pa. k 

MITCHELL, D. E., from 2377 E. Grand Blvd., to c/o Dodge Bros. 
Detroit, Mich. 

MOODY, CHESTER, S., from Minn. Steel & Mach. Co., 29th & 
nehaha, Minneapolis, Minn., to C. L. Best Tractor Co., San | 
dro, Cal. 

MORANTY, A. F., from 3938 Livernais Ave., to 1290 Lenox Ay: 
troit, Mich. 

ODEMAR, F. W., from 305 Merchants Bk. Bldg., to 914 N. Capitol 
Indianapolis, Ind. 

OLSEN, CARL L., from 1310 Beville Ave., to 923 Eastern Ave.. 
dianapolis, Ind. 

PAGE STEEL & FLAGG CO., from 111 Court St., to 21! 
Water St., New Haven, Conn. 

PERRETTO, ROBT., from 9021 Wilson to 9724 Chenlot, Detroit, Mic! 

ROBERTS, J. H., from Atlas Steel Corp., to c/o Shorewood, Cou 
Club, West Lake Road, Dunkirk, N. Y. 

SCHMITT, FRANK, from 811 W. Lafayette Blvd., to c/o Internatio 
Mfg. Co., Detroit, Mich. 

SHEPARD, R. L., from 141 Montana W., to c/o Shepard Co., Chai 
voix and Hart Aves., Detroit, Mich. 

STENGER, BERNARD H., from 1620 John St., Cincinnati, O 
12632 Edmonton Ave., Cleveland, O. 

STUART, C. W., from 53 Garfield, to c/o Dodge Bros. Co., Detroit 
Mich. 

TOPHAM, R. A., from New American House, 42 Andrews St., L) 
Mass., to 162 So. Common St., West Lynn, Mass. 

VOLKOFF, VLADIMIR JR., from 199%-8th St., Troy, N. Y., to 104 
Main St., Waynesboro, Pa. 

WAGAR, T. E., from 956 Melbourne Ave., to 3773 Wager Ave.. D 
troit, Mich. 

WHITE, W. H., from 56 Murray St. New York City, to District Ma: 
ager, Atlas Steel Corp., 627 Hanna Bldg., Cleveland, O. 

WILLIAMS, J. J., from 73 Orient St., to 35 Orient St., Meriden, ( 

ZIMMERLI, F. P., from 1585 Delaware Ave., to 6438 Trumbull Av: 
Detroit, Mich. 


ZORNIG, MAJOR H. H., from 305 Mt. Auburn, Watertown, Mas 
Picatinny Arsenal, Dover, N. J. 


MAIL RETURNED 


BACH, A. D., Atlas Steel Corp., 725 St. Clair Ave. NE.,Cleveland,O 
CARMODY, ARTHUR J., 221 Market St., Hartford, Conn. 
CLARK, H. A., 1674 Pingree Ave., Detroit, Mich. 

FREDERICK, J. B. Barber Colman Co., Rockford, II. 
McMANUS, W. H., 4417 2nd Ave., Detroit, Mich. 

RALSTON, A. L., 1734 Lafayette Blvd., Detroit, Mich. 

WOLF, ERNEST, Lewis Institute, Chicago, Ill. 

GIZOWS, J., 1951 W. Madison St., Chicago, Ill, 

ZWAHL, C. E., 27 East Willis Luialdo Apt., Detroit, Mich. 
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Items of Interest 


rown Instrument Company have recently issued a bulletin entitled, 

\utomatic Control of Temperature in the Heat Treating of Steel’ 

hich describes in detail the Brown automatic temperature control pyrometer, 

» a number of illustrations. It also gives the remarks of those who are 
‘miliar with the satisfactory action of the Brown pyrometer. 


ate-Jones & Co., Inc., have recently issued their bulletin No. 172 on 
Burning Equipment.” This bulletin describes auxiliary equipment for 
burners and gives prospective oil users sufficient information to readily se- 


t the necessary equipment for a successful oil burning system. 


General Electric Company wishes to announce that their bulletin No. 

has just been issued and they believe it will be of special interest to 
large and small owners of electrically driven passenger vehicles, trucks and 
‘TOrs 


cu 


This bulletin describes charging equipments for vehicle motive- 
wer batteries which have proved very reliable and satisfactory in service. 
he manufacturers can furnish equipment for charging motive-power batter- 

ies by either the modified constant potential method or the constant current 


O. I. Szekely Co., Inc., mechanical and automotive engineers, have moved 
to their new building located at 1607-1609 Sixth avenue, Moline, Ill. The 
irst floor of the building contains the general offices, the president’s private 
ottice, blue print room, ete. On the second floor of the main building there 
is a large engineering drafting room and testing laboratory. The rear build- 


ing contains the machine and pattern shops where single units are manu- 
tactured 


‘he Ardometer, a new radiation pyrometer for the measurement of high 


arnt 
\ 


‘emperatures has recently been put on the market. It is manufactured by Sie- 


mens & Halske and distributed by the Bacharach Industrial Instrument 
Lo., Pitts! urgh. 
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James A. Stairs has recently joined the staff of The Calorizin; 


OMpat 
at head office, Pittsburgh, having been engaged to assist in devel 
ae] > e 


Ment 
the Calorized Tube Recuperators which this company is putting on the marke 
Mr. Stairs has been in the steel and engineer business more than twenty 
years, having started as draftsman, later was at Duquesne Steel \Vorks » 
night superintendent of Merchant Mills at Oliver Station. 


He was associated with Ek. L. McGary in consulting engineering work 
and during that time had charge of early installations of open-hearth furnaces 
and mills at Sharon Steel Hoop company at Sharon, Pa. 

rom 1904 to 1909 he was superintendent of rolling mill for Noy 
Scotia Steel & Coal company at New Glasgow, Nova Scotia, was vic 
president and superintendent of Brown Machine company, Limited, at Ney 
Glasgow till 1918, when he was offered position as general superintendent 
Harroun Motor corporation, Wayne, Michigan, who had received a |, 


lal YE 


munitions contract from U. S. government. Since the war Mr. Stairs has 


resided in Detroit and has been engaged in sales engineering work. 


The Surface Combustion company, furnace engineers and manufacturers 
have made the following assignments in personnel: F. J. Winder becomes 
manager of the Pittsburgh district with offices at 927 Union Arcade build- 
ing. A. J. Huston will have charge of the Buffalo district with headquarters 
at 45 Andrews building. C. F. Freeman, formerly manager of the Pitts- 
burgh district is now chief engineer, his offices being located at 366 Gerard 
avenue, New York City. 


William J. Merten, metallurgical engineer of the Westinghouse Electri 
& Mfg. Co., East Pittsburgh, Pa., has been appointed a member of the con- 
mittee on heat treatment of carbon steel of the National Research council 


Wm. C. Hartman has severed connections with the Bethlehem Ste 
company, Bethlehem, Pa., to accept a position in the heat treating department 
of the Union Tool company, Torrance, Cal. 


Arthur N. Armitage, formerly with the Mesta Machine company, tts 
burgh, has severed his connection with the company and is now connected 
with the General Petroleum corporation, Los Angeles, California, in charg 
of their heat treating department. 


. ° - . e = Voter 
George H. Grundy has been appointed manager of steel sales for Pete 


A. Frasse & Co., Inc., with headquarters at the latter’s general offices in Nev 
York. 
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Che Case Hardening Service Company, 2281 Scranton Road, Cleveland, 
Ohio, have been testing over a period of time, their new Hi-Tempo metal 
«carburizing boxes and cyanide pots and announce that it has now been 

ise for over three years and is giving very satisfactory results. 


Henry ]. Fischbeck, formerly in charge of hardening for the Lawrence 
\reo Engine Company, New York, has joined the metallurgical staff of the 
Pratt & Whitney Co., of Hartford, Conn. 


| W. Odemar, formerly with the Chicago Flexible Shaft company has 
accepted a position as tool and die designer with the Nordyke & Marmon 
company, Indianapolis. 


Alexander T. Galbraith, formerly general sales manager of the Halcomb 
Steel Co., Syracuse, N. Y., has been appointed general manager of sales 
of the Crucible Steel Co. of America, New York. Mr. Galbraith was 
educated at the Newburgh Academy, subsequently taking a special course 
in chemistry and metallurgy at Renssalear Polytechnic Institute, Troy, N. Y., 
after which he entered the employ of the Halcomb Steel Co. in October, 
1909, as chemist. He has been with the company continuously, serving in 
various departments. He was appointed assistant salés manager in May, 


X17, and was promoted to general sales manager in January, 1918. 


The Central Steel Company of Massillon, Ohio, manufacturers of alloy 
steel products, have decided to enlarge their field of activities by the addi- 
tion of special alloy steels for railroad service. This company has for some 
time been making extensive tests on improved steel for axles, helical and 
‘lliptical springs, and reciprocating parts of locomotives. Heretofore, they 
Nave confined their business largely to the automotive industry, but the 
demand upon the part of the railroads for special alloy steel has prompted 


them to enter this field as specialists. 





TRANSACTIONS OF 
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Remarkable photographs of high-speed collisions of th. 
atoms obtained by the use of moving picture machines wer 
Dr. William Draper Harkins, of Chicago university, in a se: 
tures recently delivered at Carnegie Institute of Technology, 
A new discovery by use of the photos was that the helium nu 
as a projectile, rebounds in a backward direction while the 
the nitrogen atom which is hit is projected forward; both at 

several thousand miles per second. 
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Dr. Harkins, who discussed the general subject of “Isotropes, and the 
Building and Disir.tegration of the Atom,” spoke before representative ay. 
diences of Pittsburgh scientists, at each lecture. He traced the develop. 
ment of the atomic theory from its purely speculative beginning in the 
minds of the ancient philosophers to its present status as an experimen- 
tally demonstrated fact. Evidence was shown that each individual atom 
is a very complex body which may be likened to a minute solar system 
whose constituent parts may attain a velocity of many thousand miles 
per second. 


In describing the discovery of radioactivity and of radium, he showed 
how these discoveries have enabled scientists to draw an accurate pic- 


ture of the atom with its central “sine” or positively charged nucleus 
and its attendant “planets,” or charges of negative electricity, called elec- 
trons. The fact that many substances such as lead and chlorine, which 
were formerly considered elementary and now known to be mixtures of 
substances which resemble one another closely, were shown to have an 
important bearing on the subject of the constitution of the atum. 

Accuracy of 0.1 in 60 seconds is attained in a portable timing device, 
described in bulletin No. 46053, recently published by the General Elec- 
tric Co. 


This device consists of an encased clock, to be used with a stand- 
ardized clock as a means of secondary timing, to supplant the stop watch. 


The portable timing device has applications which enable its use 
with graphic instruments, measurements of angular velocities, and for 
indicating a definite time-interval ranging from one second to any 
whole number of minutes. 


As illustrated in the bulletin, the instrument consists of a clock, re- 
lays, and a gear train which by adjustment can be set to meet dilferent 


demands of service. Power is supplied from a local flashlight type ol 
battery. 





